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Second  paragraph  and  third  line,  for  1-11, 600.000  read  1 26,500,0<>0. 
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ADDENDA  (p.  210.) 

Table  3a.  Number  of  bacteria  in  sewage  slurlx/e  proiluced  at  the 

Southern  Outfall  Worhs. 


Number  of  organisms  in  one  cubic  centimetre  of  sludge. 

Date. 

Total  number 
of  bacteria. 

Number  of  B.  coli. 

Number  of  spores  of 
B.  enteritidis  sporogenes. 

June  8th,  1903  ... 

„ 9th  „ 

10th  „ 

.,  llth  „ 

„ 12t'n  „ 

,,  13th  

118,000,000 

57,000,000 

149.000. 000 

163.000. 000 

132.000. 000 

177.000. 000 

At  least  1,000,000 

At  least  100.000. 
but  not  1,000,000 
At  least  1,000,000 
;> 
l» 

S> 

At  least  10,000.  but  not 
100,000 

*? 

Average 

132,666,666 

Average  for  both  Outfalls 

129.083,333 

Table  3b.  Average  number  of  bacteria  in  sewage  effluent. 


Date,  Outfall,  and  number 
of  samples. 

Number  of  organisms  in  one  cubic  centimetre  of  effluent. 

Total  number  of 
bacteria. 

Bacteria  which 
grow  at  37°  C. 
(blood  heat). 

Aerobic  spores. 

Barking.  March,  1903  (seven) 

8.585,714 

5.100,000 

234 

Crossness,  June,  19C3  (six)  ... 

6,300,000 

Average 

7.412,857 

— 

— 

Charts  following  p.  222. 

All  details  furnished  in  these  charts  apply  to  mud  and  sand  samples 
dredged  from  the  bottom,  and  not  to  water  samples. 
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Page  63,  three  lines  from  bottom,  for  “ 6 feet  ” read  “ 13  feet.” 
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The  disposal  of  the  sewage  of  London  has  been  placed  under  the 
charge  of  the  London  County  Council.  Originally  the  discharge  of  the 
crude  sewage  into  the  river  Thames  at  various  points  in  the  vicinity 
of  the  City  gave  rise,  especially  in  summer  time,  to  very  serious  and 
widespread  nuisance.  This  was  obviated,  for  the  time,  by  intercepting 
the  discharges  and  taking  the  whole  of  the  sewage  by  main  sewers  some 
fifteen  or  sixteen  miles  down  river.  The  whole  of  the  sewage  of  London, 
north  of  the  river,  was  thus  collected  for  discharge  at  Beckton  or 
Barking,  and  this  was  known  as  the  Northern  Outfall.  The  whole  of 
the  sewage  of  London,  south  of  the  Thames,  was  collected  at  Crossness, 
and  this  constituted  the  Southern  Outfall. 

Before  the  sewage  was  discharged  from  these  Outfalls  into  the  river, 
it  was  decided  that  it  should  be  freed  from  its  suspended  matter,  which 
had  undoubtedly  been  the  principal  source  of  nuisance.  This  matter 
had  settled  on  the  foreshores  of  the  river  as  black  mud,  which  at  low 
water  evolved  foul  odours ; it  had  also  floated,  in  summer  time,  as  thick 
black  masses  on  the  surface  of  the  river,  and  these,  when  agitated  by 
the  navigation  or  by  natural  means,  had  given  rise  to  most  offensive 
emanations.  It  was  anticipated  that  the  interception  of  this  suspended 
matter  would  produce  a great  improvement  in  the  condition  of  the  river. 
This  has  been  the  case,  and  the  foreshores  have  now  become  clean  and 
sweet,  while  the  river  surface  is  no  longer  a source  of  foul  odour  from 
floating  offensive  masses  of  scum. 

The  removal  of  the  suspended  matter  has  been  effected  by  passing 
the  crude  sewage  slowly  through  a series  of  settling  channels,  the 
process  of  sedimentation  being  facilitated  and  hastened  by  the  admixture 
of  the  sewage,  before  it  reaches  these  channels,  with  solutions  of  lime 
and  of  sulphate  of  iron.  The  addition  of  these  solutions,  even  in  small 
proportion,  was  found  not  only  to  promote  rapid  sedimentation,  but 
also  to  retard  the  foul  condition  both  in  the  settled  matter  and  in  the 
effluent. 

The  effluent  from  this  sedimentation  passes  direct  into  the  river 
continuously  at  all  states  of  the  tide ; it  is  almost  free  from  suspended 
matter,  and  the  small  amount  which  it  contains  cannot  lead  to  the  forma- 
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tion  of  sediment  on  the  river-bed.  The  sediment  or  “sludge”  is  removed 
from  the  settling  channels  into  tank  steamers,  which  take  it  far  out 
into  the  estuary  and  discharge  it  on  a falling  tide.  By  this  process  of 
treatment  the  sludge  is  finally  disposed  of  without  giving  rise  to 
nuisance. 

It  has  always  been  anticipated,  however,  that  the  effluent,  as  its 
volume  increases  with  increase  of  population,  would  require  further 
purification  in  order  to  avoid  all  risk  of  causing  occasional  offence. 
I reatment  on  land  was  found  to  be  out  of  the  question  owing  to  the 
marshy  nature  of  the  low-lying  land  by  the  river.  But  when  the 
results  of  experiments  on  bacteria-bed  treatment  were  made  known, 
the  London  County  Council  at  once  commenced  the  experimental 
treatment  of  a small  portion  of  the  London  sewage  by  this  method. 

In  the  early  stages  the  effluent,  before  it  passed  into  the  river,  was 
experimented  upon,  and  with  most  encouraging  results.  Then  the 
crude  unsettled  sewage  was  passed  into  the  bacteria-beds,  and  although 
an  entirely  satisfactory  purification  was  attained  the  bacteria-beds  were 
soon  thrown  out  of  action  by  being  choked  with  the  suspended  matter 
of  the  sewage. 

In  the  latest  stages  of  the  experimental  treatment,  the  crude  sewage 
was,  therefore,  subjected  to  sedimentation  in  a tank,  and  the  effluent 
from  this  tank  was  passed  into  the  bacteria-beds.  By  this  means  the 
choking  of  the  beds  by  suspended  matter  was  entirely  arrested,  although 
the  time  of  passage  of  the  sewage  through  the  settling  tank  was 
restricted  to  a period  of  five  hours  only.  It  was  found  that  the  coke 
bacteria-beds  underwent  a loss  of  capacity,  which  was  apparently  due 
to  the  formation  of  bacterial  growths  upon  the  surfaces  of  the  coke 
fragments,  but  that,  when  these  growths  had  fully  formed,  an  almost 
unchanging  capacity  remained,  equal  to  about  30  per  cent,  of  the  empty 
space  which  had  been  filled  with  coke. 

A further  advantage  resulted  from  this  preliminary  sedimentation. 
It  was  found  that,  if  the  sediment  in  the  tank  was  left  undisturbed,  it 
underwent  considerable  reduction  in  amount,  partly  by  conversion  into 
gaseous  matter  (mainly  methane)  and  partly  by  being  changed  into 
soluble  or  liquid  substances.  Over  60  per  cent,  of  the  sediment  disap- 
peared in  this  way,  and  it  was  evident  that  if  the  mineral  road  grit  had 
been  allowed  to  settle  separately,  the  percentage  reduction  of  the 
organic  matter  by  this  bacterial  resolution  would  have  been  much 
greater. 

Hence  by  working  on  the  large  scale  with  tanks  for  the  sedimentation  of 
the  grit,  which  would  be  in  duplicate  and  would  be  frequently  emptied : 
and  by  letting  these  be  followed  by  settling  tanks  of  greater  capacity  for 
the  slower  passage  of  the  sewage  and  the  sedimentation  of  the  organic 
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suspended  matters,  the  sludge  might  be  obtained  in  two  portions : (a) 
the  mineral  deposit,  which  could  be  thrown  out  upon  the  land  without 
causing  offence  : ( b ) the  organic  deposit,  which  would  be  largely  or 
possibly  wholly  disposed  of  by  the  resolving  action  of  bacteria. 

The  effluent,  resulting  from  these  sedimentation  processes,  would 
finally  be  subjected  to  intermittent  treatment  in  the  bacteria-beds,  and 
would  after  this  treatment  pass  away  in  a condition  in  which  even  at 
summer  heat  it  would  never  become  offensive,  and  in  which  it  could 
maintain  indefinitely  the  life  of  fish. 

Such  are,  briefly,  the  practical  conclusions  arrived  at  from  the  experi- 
mental bacterial  treatment,  and  they  have  been  fully  confirmed  when 
the  proposed  treatment  has  been  applied  at  other  places  than  the 
London  Sewage  Outfalls. 

During  the  earlier  part  of  this  investigation  the  Council  retained  the 
services  of  an  experienced  bacteriologist,  who  has  detailed  the  results  of 
his  observations  in  the  second  part  of  this  book.  His  results  embrace 
those  obtained  by  the  bacterial  examination  of  crude  London  sewage, 
of  the  present  effluent  from  sedimentation,  and  of  the  effluent  from  the 
earlier  stages  of  the  experimental  bacterial  treatment. 

Duiing  the  later  stages  of  the  experimental  treatment,  subse- 
quent to  the  introduction  of  the  preliminary  sedimentation,  which 
were  finally  carried  out  on  a plant  erected  at  Christ’s  Hospital. 
Horsham,  the  bacterial  examination  was  made  by  the  Council’s 
chemical  staff.  The  results  indicated  that  a reduction  in  the  bacterial 
content  of  the  sewage  resulted  from  its  passage  through  the  settling- 
tanks,  and  that  a still  further  reduction  took  place  in  the  coke-beds. 
The  bacterial  examination  of  the  river  water  below  the  Council’s  Out- 
falls, by  the  chemical  staff,  also  showed  that  the  bacteria  which  were 
introduced  into  the  river  by  the  present  effluent,  underwent  rapid 
i eduction  in  numbers  as  they  passed  down  the  river.  A similar  rapid 
1 eduction  in  numbei  of  these  bacteria  derived  from  the  sludge,  occurred 
in  the  water  of  the  estuary  : the  number  remaining  in  the  water  of  tlie 
lower  liver  and  of  the  estuary  not  exceeding  those  frequently  found  in 
drinking  water  supplies. 

It  has  been  thought  by  the  County  Council,  that  the  results  of  the 
lengthened  and  systematic  experimental  bacterial  treatment  of  London 
-ewage.  which  they  have  maintained,  should  now  be  placed  at  the  disposal 
of  those  who  are  interested  in  dealing  satisfactorily  with  the  treatment 
of  sewage.  The  experiments  have  been  suggested  and  controlled  by  men 
of  scientific  training,  with  the  view  of  furnishing  information  as  to  the 
desirability  of  their  being  adopted  on  the  larger  and  practical  scale.  It 
appears  that  the  experiments  have  now  arrived  at  a stage  when  their 
practical  application  could  be  simply  carried  out  on  the  large  scale,  and 


xii  The  Bacterial  Treatment  of  Sewage. 

that  the  probability  of  success  is  so  great  as  to  make  the  scheme  of  bacterial 
treatment  of  the  sewage  of  the  greatest  city  in  the  world  worthy  of 
careful  consideration.  The  Council’s  experimental  work  has  been  made 
known  to  the  public  from  time  to  time  in  a series  of  reports.  These 
reports  have  rapidly  passed  out  of  print,  and  the  great  demand  for  them 
has  encouraged  the  Council  to  reissue  the  reports  in  the  present  connected 
and  somewhat  abridged  form,  for  the  benefit  of  sanitary  authorities  and 
of  those  generally  who  have  to  deal  with  the  disposal  of  sewage. 

The  chemical  work  and  the  bacterial  work  included  in  the  appendix  have 
been  carried  out  by  Mr.  J.  W.  H.  Biggs  and  Mr.  E.  B.  Pike,  assistant 
chemists  at  the  Outfall  Works,  and  the  successful  carrying  out  of  the 
investigation  has  been  largely  due  to  these  gentlemen.  The  co-operation 
of  Messrs.  E.  J.  Beal  and  H.  Stokoe,  superintendents  at  the  Outfall  Works, 
who,  with  the  consent  of  the  Chief  Engineer  of  the  Council,  have  done 
their  utmost  to  facilitate  the  work,  has  also  been  of  the  greatest  value. 
I wish  also  to  acknowledge  the  assistance  rendered  to  me  by  Mr.  E.  J. 
Jackman  in  collating  and  preparing  the  matter  which  had  already 
appeared  in  the  Council’s  published  reports. 

The  publication  of  the  book  has  been  delayed  by  the  inclusion  of  the 
matter  contained  in  the  appendix.  The  series  of  investigations,  the 
results  of  which  are  stated  in  the  appendix,  were  only  commenced  after 
the  other  portion  of  the  book  was  already  in  type  ; and  it  was  felt  that 
the  information  thus  obtained  would  be  of  interest  to  those  who  are 
concerned  with  the  bacterial  treatment  of  sewage. 

Since  the  matter  for  this  book  was  set  up  in  type,  the  Fourth  Report  of 
the  Royal  Commission  on  Sewage  Disposal  has  been  made  public.  This 
Report  deals  amongst  other  things  with  the  possible  pollution  of  shell- 
fish by  the  London  sewage,  and  it  will  be  seen  that  the  conclusions 
arrived  at  from  Dr.  Houston’s  investigations  bear  out  the  opinions 
expressed  in  the  appendix  of  this  book. 

F.  C. 

January,  1904. 
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DIVISION  I -CHEMICAL. 


• A.— NORTHERN  OUTFALL. 

I.  Series  of  Experiments  on  the  bacterial  treatment  of  sewage 

EFFLUENT  AND  OF  RAW  SEWAGE,  TOGETHER  WITH  A DESCRIPTION 

OF  THE  TANKS  AND  BEDS  USED  IN  CONNECTION  THEREWITH,  AT  THE 

Northern  Outfall  Works  (Barking). 

Description  of  tanlcs  and  beds. 

The  first  bacterial  experiments  in  connection  with  the  treatment  of 
sewage  at  the  Northern  Outfall  Works  were  commenced  in  the  latter  part 
of  May,  1892,  under  the  direction  of  Mr.  W.  J.  Dibdin.  For  the  purpose 
of  these  experiments,  four  wooden  tanks,  each  about  5 feet  deep  and 
having  an  area  of  24‘2  square  yards,  were  erected  near  the  main  culvert 
into  which  the  effluent  from  the  settling  channels  discharged.  One 
of  these  tanks  Mas  divided  into  two  parts,  one  of  which  was  twice  the 
size  of  the  other.  The  beds  formed  in  these  tanks  were  used  only  for  the 
bacterial  treatment  (or  “filtration,”  as  it  was  then  termed)  of  the  effluent 
from  the  chemically  treated  and  subsequently  sedimented  sewage.  The 
effluent  was  pumped  from  the  main  culvert,  by  a portable  engine,  into 
the  coke-beds. 

The  next  experiments  in  the  bacterial  treatment  of  sewage  effluent 
at  the  Northern  Outfall  Works  were  carried  out  in  a coke-bed  5,067 
square  yards  in  area  and  3 feet  in  depth;  the  depth  was  afterwards 
increased  to  6 feet.  This  bed  was  constructed  on  an  irregular  piece  of 
waste  ground  at  the  Outfall  Works,  which  was  levelled  and  embanked 
where  necessary.  Perforated  drains  were  laid  on  the  ground,  meeting  in 
a common  trunk  for  the  discharge  of  the  effluent.  The  filtering  material 
consisted  of  3 feet  of  unsifted  coke-breeze,  covered  with  3 inches  of  gravel. 

Early  in  1898  another  3 feet  of  coke  was  placed  on  the  bed,  thus 
making  the  depth  of  the  bed  6 feet.  This  coke  was  freed  from  dust,  and 
the  size  of  the  fragments  varied  between  that  which  would  pass  through 
a 1-inch  mesh  and  be  rejected  by  a 1-inch  mesh. 

This  coke-bed  has  been  in  use  since  its  construction,  with  but  few 
interruptions,  and  has  almost  invariably  dealt  with  the  effluent  from  the 
chemically  treated  and  subsequently  sedimented  sewage.  The  bed  is 
supplied  from  the  main  effluent  culvert,  which  runs  at  the  end  of  the 
precipitation  channels,  by  means  of  wooden  troughs  which  are  branched 
over  the  bed  in  order  to  secure  the  even  distribution  of  the  liquid. 
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This  coke-bed  is  known  as  the  “ one-acre  coke-bed,”  and  is  still  at. 
work. 

On  the  22nd  of  September,  1898,  Dr.  Clowes  started  the  experimental 
bacterial  treatment  of  screened  crude  sewage.  For  t hese  experiments 
four  galvanised  iron  tanks  4 feet  square  and  G feet  deep  were  erected 
near  the  liming  station  at  the  Northern  Outfall  Works.  This  site  was 
selected  in  order  that  the  tanks  might  be  near  the  point  where  the 
sewage  entered  the  works,  and  thus  obviate  the  necessity  of  conveying 
the  raw  sewage  any  great  distance  to  the  coke-beds.  During  May  and 
June,  1899,  the  depth  of  these  iron  tanks  wras  increased  to  10  feet  by 
the  addition  of  4 feet  of  iron  superstructure,  which  was  bolted  to  the 
tanks,  the  joints  being  caulked  and  made  watertight. 

These  tanks  were  arranged  at  two  levels,  so  that  the  effluent  drawn 
from  the  bottom  of • two  of  them  on  the  higher  level  could  flow  by 
gravitation  upon  the  top  of  the  material  in  the  two  lower  tanks. 


List  of  Experiments  on  the  bacterial  treatment  of  sewage  effluent  and  of 
raw  sewage,  carried  nut  at  the  Northern  Outfall  Works  {Barking). 


Date. 

Tank  used. 

Name  of  bed. 

Description  of  Experiment. 

May,  1 892, 
to  Aug., 
1892 

Four  wooden 
tanks  each  of  24 '2 
sq  uare  yards  super- 
ficial area 

Filter  No.  1.  Burnt  ballast 
„ No.  2.  Pea  ballast 
„ No.  3.  Coke-breeze 
„ No.  4 a.  Sand 
„ No.  4 b.  Proprietary 

These  experiments  were 
conducted  with  a view  to 
gaining  information  as  to  the 
best  material  for  use  as  a 
bacteria-bed . 

28  Sept., 
1892. 
to  date 

One-acre  coke-bed 

Various  experiments  were 
at  first  carried  out  in  t his  bed, 
but  of  late  years  it  has  been 
used  constantly  in  dealing 
with  a portion  of  the  effluent 
from  the  “ chemical  ” treat- 
ment. 

22  Sept., 
1898,  to 
15  Apl., 
1899 

Upper  iron  tanks,  ) 
6 feet  deep  ) 

Lower  iron  tanks,  i 
6 feet  deep  ) 

Primary  Kentish  ragstone- 
bed 

Primary  coke-bed 
Secondary  Kentish  rag- 
stone-bed 

Secondary  coke-bed 

(Series  I.)  This  was  the 
first  series  of  experiments  in 
the  bacterial  treatment  of 
raw  sewage. 

4 July, 
1899,  to 
19  May, 
1900 

Upper  iron  tanks,  ( 
10  feet  deep  '( 

Lower  iron  tanks,  ! 
10  feet  deep  j 

Primary  coarse  coke-bed  A 
Primary  coarse  coke-bed  B 
Secondary  coarse  coke-bed 
A 1 

Secondary  tine  coke-bed 
B 1 

(Series  II.)  These  experi- 
ments were  conducted  with  a 
view  to  obtaining  information 
as  to  the  efficiency  of  a bed 
10  feet  deep  and  as  to  the 
comparative  results  of  a fine 
and  of  a coarse  secondary 
bed. 

7 Not., 
1900  to 
10  Aug.. 
1901 

Upper  iron  tanks  j 
Lower  iron  tanks  j 

Settling  tank  A 
Settling  tank  B 
Single  coarse  coke-bed  A 
Single  fine  coke-bed  B 

(Series  III.)  In  this  series 
of  experiments  the  sewage 
underwent  sedimentation  be- 
fore treatment  in  coke-beds. 

Preliminary  Experiments  at  the  Northern  Outfall. 
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II.  Preliminary  Experiments  at  the  Northern  Outfall  Works 

(Barking). 

On  the  10th  of  March,  1891,  the  Main  Drainage  Committee  of  the 
London  County  Council  ordered  that  a series  of  experiments  should  be 
made  at  the  Northern  Outfall  Works  to  ascertain  the  value  of  the 
treatment  of  sewage  effluent  in  bacteria-beds,  or  “filters,”  as  they 
were  then  called. 

The  sewage  effluent  which  was  treated  in  these  beds  and  in  the  one- 
acre  coke-bed,  described  in  section  III.,  pp.  5 to  9,  unless  otherwise 
stated,  was  the  effluent  obtained  by  subjecting  the  sewage  on  the  north 
side  of  the  Thames  to  the  usual  treatment.  This  treatment  consists  in 
the  addition  of  about  4 grains  of  lime  as  milk  of  lime  and  of  about  1 grain 
of  sulphate  of  iron  in  solution  to  each  gallon  of  raw  sewage ; this  is 
followed  by  sedimentation  in  brick  channels  approximately  1,000  feet  in 
length.  The  chemicals  are  added  to  the  raw  sewage  at  some  distance 
from  the  penstocks  of  the  settling  channels,  in  order  that  an  opportunity 
may  be  afforded  of  their  becoming  thoroughly  mixed  with  the  sewage 
before  it  undergoes  sedimentation.  On  arriving  at  the  channels  the 
sewage  is  allowed  to  flow  continuously  through  them  at  the  rate  of 
about  6 feet  per  minute,  and  at  the  further  end  the  effluent  flows  over 
a weir  wall  into  a common  effluent-culvert  and  thence  into  the  river. 
A unit  of  sewage  occupies  about  2f  hours  in  traversing  the  length  of 
the  channel  during  sedimentation. 

For  the  purpose  of  carrying  out  these  experiments,  four  wooden  tanks 
were  constructed,  each  of  which  was  equal  in  area  to  ^Jothpart  °f  an 
acre.  The  beds  in  these  tanks  were  composed  of  the  following 
materials. 

“Filter”  No.  1 was  composed  of  burnt  ballast.  This  material 
was  obtained  by  burning  clay  which  had  been  taken  from  the 
marsh  land  adjoining  the  Outfall  Works.  The  tank  was  filled 
with  the  burnt  ballast  to  a depth  of  4 feet,  the  larger  pieces  being 
placed  at  the  bottom,  and  the  remaining  unsifted  portion  being 
placed  on  the  top. 

“ Filter”  No.  2 was  composed  of  pea  ballast.  The  material  was 
Lowestoft  shingle  of  pea  size,  and  the  tank  was  filled  with  it  to  a 
depth  of  4 feet. 

“Filter”  No.  3 was  composed  of  coke-breeze.  The  tank  was 
filled  with  the  coke-breeze  to  a depth  of  4 feet,  and  3 inches  of 
gravel  were  placed  on  the  top  to  prevent  the  coke  from  floating. 

“ Filter  ” No.  4 a was  composed  of  gravel  and  sand.  One  of  the 
tanks  was  divided  into  two  portions  by  a wooden  partition.  One 
of  the  portions,  occupying  two-thirds  of  the  area  of  the  entire  tank, 
was  used  for  No.  4 a “ filter,”  and  was  filled  with  a bottom  layer, 

5 inches  in  depth,  of  walnut-size  gravel  and  successive  layers  of 
2£  inches  of  bean-size  gravel,  1^  inches  of  pea-size  gravel  and  on 
the  top  10  inches  of  sand. 

“ Filter”  No.  4 b.  The  remaining  portion  of  the  tank,  which 
occupied  one-third  of  the  area  of  the  entire  tank,  contained  “ filter” 
No.  4 b,  which  was  composed  of  a bottom  layer  of  3 inches  of  walnut- 
size  gravel  and  successive  layers  of  2 inches  of  bean-size  gravel, 
H inches  of  pea-size  gravel,  1 inch  of  sand  and  12  inches  of 
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a proprietary  material.  This  “ filter  ” was  supplied  with  perforated 
pipes  leading  to  the  surface  for  aeration  purposes. 

“Filter”  No.  4/;  was  fed  with  the  effluent  from  “filter”  No.  4 a; 
accordingly  4a  and  46  together  count  as  one  “filter.” 

The  main  object  in  conducting  the  experiments  in  the  above  described 
beds  was  to  obtain  information  as  to  the  best  material  for  use  in 
bacteria-beds.  All  four  beds  were  worked  at  the  same  rate  and  during 
the  same  time. 

During  the  first  six  weeks  sewage  effluent  was  passed  through  at  the 
rate  of  500  gallons  per  square  yard  per  day,  whilst  from  the  middle 
of  July,  1892,  to  the  end  of  August,  1892,  the  rate  was  reduced  to 
one-half,  or  250  gallons  per  square  yard  in  24  hours.  The  treatment 
was  intermittently  continuous,  the  “ filters  ” passing  effluent  constantly 
for  8 hours  daily  and  resting  during  the  remaining  16  hours,  being 
allowed  to  run  dry  at  the  end  of  each  day’s  work.  Dui’ing  the  8 hours 
working  period  of  the  “ filters  ” the  outlet  valve  was  closed  just 
sufficiently  to  keep  the  “ filters”  full,  the  effluent  being  level  with  the 
surface  of  the  material  of  which  the  “ filters  ” were  composed. 

These  beds  were  worked  during  June,  July  and  August,  1892. 

The  average  rate  of  working,  including  rest  periods,  was  411,000 
gallons  per  acre  in  24  hours.  The  amount  of  mechanical  cleansing  or 
clarification  effected  was  as  follows  ; the  figures  represent  units  of  depths 
required  to  obscure  a standard  mark  : — 

Burnt  ballast  ...  t..  ...  ...  ...  1 

Coke-breeze  ...  ...  ...  ...  ...  1 

Pea  ballast  ...  ...  ...  ...  • • • If 

Sand  (1st  portion  of  com  pound  “ filter  ”)  ...  2? 

Proprietary  article  (2nd  portion  of  compound 

“ filter ” after  sand)...  ...  ...  ...  2^ 

The  following  table  shows  the  extent  of  the  purification  effected,  as 
indicated  by  the  reduction  in  putrescible  matter  in  solution : — 


Table  I.  The  four  small  bacteria-beds,  or  “filters,”  at  the  Northern  Outfall  11  oris. 

Figures  relating  to  the  quality  of  liquid  dealt  with,  and  to  the  purification 
effected  by  the  beds,  during  June,  July,  and  August,  1892. 


Name  of 
bactcria-bed. 

Average  amount  of 
Oxygen  absorbed  from 
permanganate  in  4 hours 
at  80°  Fahr.  by  the 

Percentage 
purification 
effected  by 
the  bed  as 
measured 
by  the 
removal  of 
dissolved 
putrescible 
matter. 

Average  amount  of 
Albuminoid  Nitro- 
gen estimated 
in  the 

Percentage 
purification 
effected  by 
the  bed  as 
measured 
by  the 
reduction 
in  the 
amount  of 
Albuminoid 
Ammonia. 

Quantity  ot 
sewage 
effluent 
dealt  w ith 
hr  the  bed 
during  the 
whole 
course  of 
the 

export  - 
ments. 

Number 
of  hours 
during 
which  the 
exj>eri- 
ment 
lasted. 

Number 
of  hours 
durinr 
which  the 
beds  were 
heine 
worked. 

Numb 
of 
gallor 
per  ac 
per  2 
hour 
dealt 
with 
thebe 

dissolved 
putrescible 
matter  in 
the  liquid 
as  supplied 
to  the 
bacteria- 
bed. 

dissolved 
putrescible 
matter  in 
the  effluent 
from  the 
bacteria- 
bed. 

clear 
liquid  as 
supplied 
to  the 
bacteria- 
bcd. 

clear 

effluent 

from  the 
bacteria* 
bed. 

“ Filter”  No.  1 ... 
“Filter”  No.  2 ... 
“ Filter”  No.  3 ... 
“ Filter”  No.  4 a ... 
“ Filter”  No.  44  ... 
Filtcn  No.  4 a Q 4 

2-010 

2-010 

2-010 

1-931 

1-054 

1-931 

1-158 

0-902 

0- 723 

1- 054 
0-703 
0-703 

42-4 

55-1 

64-0 

45-4 

33-3 

63-6 

0-264 

0-264 

0-273 

0-268 

0-130 

0*268 

0-130 
0133 
0-112 
0130 
0-084 
0 084 

50- 7 
49-5 
59  0 

51 - 5 
35-8 
68-9 

Gallons. 

185,000 

185.000 

185.000 
123,333 

61,666 

2,160 

2,160 

2,160 

2,160 

2,160 

484 

484 

484 

484 

484 

411. 

411. 

411. 

411, 

411, 

The  one-acre  coke-bed  at  the  Northern  Outfall. 
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From  the  results  obtained  it  appeared  that  a considerable  amount 
of  purification  could  be  effected  by  any  material,  the  desiderata 
evidently  being  porosity  and  consequent  power  of  reabsorbing  at- 
mospheric oxygen.  For  foul  water,  sand  proved  too  fine  ; whilst  the 
burnt  ballast  used  was  too  coarse.  Coke-breeze  seemed  to  unite  the 
necessary  qualifications,  and,  as  it  is  also  a cheap  material,  it  was 
selected  for  the  further  trials  on  a large  scale.  There  can  be  little 
doubt,  however,  that  the  question  of  cost  of  material  should  be  allowed 
to  decide  what  should  be  used  for  a “filter”  in  any  given  place,  since 
the  efficiency  of  burnt  ballast  or  gravel  maybe  much  increased  by  using 
a greater  depth  of  more  finely  granulated  material  and  by  passing  the 
sewage  at  a slower  rate.  The  proprietary  “filter”  excelled  the  coke- 
breeze  only  in  appearance,  the  actual  purification  effected  by  it  being 
not  quite  so  great,  while  its  cost  was  prohibitory. 

In  the  course  of  the  above  experiments,  numerous  gelatine  plate 
cultivations  were  made,  to  ascertain  the  effect  of  “ filtration  ” upon  the 
number  of  micro-organisms  present.  The  numbers  found  in  the 
“ chemical  ” effluent  before  treatment  in  the  beds  and  in  the  effluent  from 
the  beds  varied  very  considerably,  those  found  in  the  bed  effluents  being 
generally  present  in  larger  numbers  ; but  it  soon  became  apparent  that 
the  greater  number  of  microbes  afforded  no  indication  of  the  degree 
of  purification  effected,  although  the  presence  of  a large  number  of 
organisms  was  evidence  of  the  activity  of  the  process  of  splitting  up 
the  organic  compounds  in  the  sewage  matters  passing  turough  the 
“ filters.  ’ A considerable  reduction  of  organisms  might  have  been 
effected  by  the  use  of  a finer  grained  material  and  slower  treatment, 
but  the  object  held  in  view  during  the  experiments  was  the  attainment 
of  the  highest  degree  of  speed  consistent  with  such  purification  as 
would  remove  all  objectionable  characters,  such  as  odour,  colour,  and 
liability  to  putrefaction. 

II L The  one-acre  coke-bed  at  the  Northern  Outfall  Works 

(Barking). 

In  consequence  of  the  more  satisfactory  results  obtained  from  the 
coke-breeze  in  the  previous  series  of  experiments,  the  Main  Drainage 
Committee  of  the  London  County  Council  gave  instructions  on  the 
24th  of  November,  1892,  for  the  construction  at  the  Northern  Outfall 
Works  of  an  experimental  coke- bed,  one  acre  in  area. 

I he  coke-bed  was  started  on  the  28th  of  September,  1893,  and  has 
been  in  use  ever  since  with  but  little  intermission.  The  following  is 
a list  of  the  various  experiments  which  have  been  conducted  in  this 
bed  and  of  the  periods  during  which  the  bed  was  in  use. 


Date. 

Nuturc  of  Experiment. 

28  September,  1893 
24  December,  1893 
2 April,  1894 
10  June,  1894 
30  July,  1894  ... 

17  November,  1894 

To  find  the  rate  nt  which  the  bed  could  deal  with  sewage  effluent. 
Resting. 

To  find  the  maximum  purification  effected  by  the  bed. 
Resting.  Feeding  trough  to  bed  being  increased  in  size. 
Incmised  quantity  of  effluent  supplied  to  bed. 

Resting.  Emptying  arrangements  being  supplemented  by  a 
pump. 
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Date. 

Nature  of  Experiment. 

3 January,  1895  ... 

Work  resumed. 

S March,  1895  

Resting. 

1 April,  1895  

Work  resumed. 

3 August,  1895  

Resting,  owing  to  holiday  arrangements. 

12  August,  1895  

Work  resumed. 

29  September,  1895 

Resting.  Experiments  discontinued  by  order  of  Committee, 

16  March,  1896  

Work  resumed. 

26  March,  1896  

Resting. 

13  April.  1896  

Work  resumed. 

4 October,  1896  

Resting. 

6 November,  1896 

Work  resumed. 

21  November,  1896 

Resting.  Surface  of  bed  being  dug  over. 

22  December,  1896 

Work  resumed. 

10  January,  1897  

Resting. 

15  March,  1897  

Naturally  sedimented  sewage  being  dealt  with. 

31  May,  1897  

Sewage  treated  with  1 grain  of  Fe  SO*  only,  being  dealt  with. 

13  June,  1897  

Ordinary  “ chemical  ” effluent  being  dealt  with. 

19  September,  1897 

Resting.  Bed  being  deepened. 

16  May,  1898  

Work  resumed. 

31  July,  1898  

Resting. 

8 November,  1898 

Work  resumed. 

1 March,  1899 

Resting. 

6 March,  1899 

Work  resumed. 

12  March,  1899  

Resting. 

8 May,  1899  

Work  resumed. 

26  August,  1900  

Resting. 

3 September,  1900 

Work  resumed. 

15  September,  1901 

Resting. 

22  September,  1901 

Work  resumed. 

Averages  of  the  results  obtained  by  the  chemical  examination  of  the 
“ chemical  ” effluent  as  supplied  to  the  coke-bed  and  of  the  effluent 
from  the  coke-bed  will  be  found  in  Table  IT.  on  p.  10. 

The  numbers  at  the  commencement  of  the  paragraphs  in  this  section 
refer  to  the  different  periods  in  the  working  of  the  one-acre  coke-bed  for 
which  averages  are  given  in  the  table. 

1.  The  first  experiments  with  the  one-acre  coke-bed  were  instituted 
for  the  purpose  of  ascertaining  the  rate  at  which  it  was  possible  to 
pass  effluent  through  the  coke-bed,  without  attempting  to  produce  the 
best  results.  The  coke-bed,  however,  speedily  became  clogged  with 
sludge,  and  after  the  sixth  week  the  coke-bed  effluent  was  putrid. 
The  daily  quantity  that  could  be  passed  fell  rapidly  until  at  the 
end  of  twelve  weeks  the  coke-bed  was  quite  useless,  being  putrid 
throughout.  Valuable  information  was  thus  gained,  for  it  was  shown 
that  rest  and  aeration  were  vital,  and  also  that  in  order  to  obtain  the 
best  work  from  a bacteria-bed,  the  quantity  poured  on  it  must  be 
augmented  very  gradually,  in  order  to  permit  of  the  proper  biological 
condition  being  reached.  The  rate  of  working  varied  from  close  on  one 
million  to  a quarter  of  a million  gallons  per  diem.  The  filling  was, 
during  several  weeks,  continued  until  the  water  stood  6 inches  above  the 
surface;  when  the  coke-bed  was  emptied  this  portion  ran  through  without 
having  time  for  purification,  and  this  fact  doubtless  aided  largely  in 
reducing  the  efficiency  of  the  coke-bed  during  this  set  of  experiments. 
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2.  The  first  series  of  experiments  on  biological  lines,  conducted  with 
the  same  coke-bed  as  the  preceding,  was  then  commenced.  The  surface 
was  raked,  and  the  bed  was  allowed  to  rest  during  three  and  a half 
months.  For  fully  three  months  of  that  time  a putrid  odour  was 
observable  when  the  coke-bed  was  disturbed,  but  this  gradually 
disappeared  and  during  the  last  fortnight  the  coke-breeze  was  perfectly 
sweet.  From  the  second  of  April,  1894,  until  June  the  9th  of  the 
same  year  the  coke-bed  was  in  continuous  use. 

The  process  adopted  was  to  begin  with  small  quantities,  the  coke-bed 
being  merely  filled  and  emptied  twice  daily  with  a view  to  getting  it 
into  the  necessary  biological  condition.  This  was  commenced  on 
2nd  April,  1894,  and  continued  for  a few  wreeks,  the  purification  effected 
gradually  increasing.  The  quantity  of  effluent  passed  was  about  500,000 
gallons  a day,  and  the  purification  was  between  70  and  80  per  cent. 
The  highest  state  of  efficiency  was  reached  on  the  3rd  of  May,  or  after  a 
full  month’s  working.  The  purification  reached  83  per  cent.,  and  fish 
placed  in  the  coke-bed  effluent  were  kept  alive  for  many  weeks.  In  fact 
minnows  and  sticklebacks  came  up  the  ditch  to  the  very  mouth  of  the 
outlet  by  which  the  coke-bed  was  emptied. 

After  the  coke-bed  had  been  at  work  for  over  two  months,  it.  was 
found  necessary  to  discontinue  its  use  while  alterations  were  made  to 
the  troughs  which  conveyed  the  liquid  to  the  bed. 

3.  The  alterations  made  in  the  arrangements  for  filling  the  coke- 
bed  consisted  in  doubling  the  size  of  the  feeding  trough. 

The  daily  quantity  was  increased  to  over  600,000  gallons,  and  the 
analytical  results  continued  to  be  highly  satisfactory. 

4.  towards  the  end  of  1894  the  emptying  arrangements  were  sup- 
plemented by  a pump,  and  later  the  resting  time  was  shortened,  until 
finally  the  coke-bed  passed  million  gallons  daily  for  six  days,  resting 
empty  from  10  p.m.  on  Saturdays  until  6 a. in.  on  Mondays.  The 
method  adopted  was  to  fill  the  coke-bed  to  the  surface  of  the  coke 
as  quickly  as  possible,  allow  it  to  remain  standing  full  for  one  hour, 
and  then  to  draw  off  the  effluent  with  the  least  possible  delay.  Working 
in  this  way  the  coke-bed  passed  an  average  of  one  million  gallons  a daw 
including  all  times  of  rest,  during  a period  of  eight  weeks;  the  effluent 
was  clean  and  sweet  and  a purification  of  78  per  cent,  was  effected. 
Nitrification  proceeded  satisfactorily,  and  the  coke-bed  was  apparently 
capable  of  continuing  its  action  for  an  indefinite  time. 

A point,  of  the  greatest  importance  is  the  fact  that  the  coke-bed  was 
able  to  do  its  work  satisfactorily  during  the  exceptionally  severe 
weather  in  January  and  February,  1895.  A thin  coat  of  ice  was  formed 
on  the  surface,  but  the  treatment  proceeded  without  intermission,  the 
only  noticeable  change  being  a decrease  in  the  amount  of  nitrification. 


o.  After  the  coke-bed  had  been  successfully  dealing  with  one  million 
gallons  daily  for  about  eight  weeks,  a large  quantity  of  sludge,  amount- 
ing to  at  least  10  tons,  passed  upon  it  accidentally.  This  occurred  during 
he  week  ending  23rd  February,  1895.  The  result  was  an  immediate 
tail  ing  off  in  the  quality  of  the  effluent ; a putrescent  odour  was  observed 
and  finally  the  coke-bed  hnd  to  be  thrown  out  of  work.  Remarkable 
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evidence  of  the  recuperative  power  of  the  coke-breeze  was  however 
obtained,  as  after  20  days’  rest  it  was  quite  sweet  again,  nothing 
objectionable  being  observed  on  digging  down  to  a depth  of  al>out 
2 fleet.  The  coke  had  only  the  odour  of  ordinary  earth  when  moist,  and 
it  emitted  whilst  it  was  being  burnt  no  objectionable  smell. 

On  resuming  work,  after  28  days  resting,  satisfactory  results  were 
obtained  and  the  coke-bed  was  kept  in  constant  work  until  the  end  oi 
September,  1895,  except  during  one  week  in  August.  This  brought 
the  preliminary  experiments  to  a close. 

The  experiments  taken  as  a whole  showed  that  sewage  especially  if 
previously  clarified  by  precipitation,  might  be  purified  to  any  desired 
degree,  the  actual  amount  of  purification  depending  upon  (1)  the  length 
of  time  during  which  the  effluent  is  allowed  to  remain  in  contact  with 
the  bacteria-bed,  and  (2)  the  length  of  time  allowed  for  aeration  of  the 
surface  of  the  coke  fragments.  If  a reduction  by  75  per  cent,  in  the 
amount  of  the  oxidisable  organic  matters  in  solution  is  considered  as 
sufficient,  the  quantity  that  could  be  treated  per  diem  on  one  acre  of 
coke-breeze  would  be  one  million  gallons,  in  a coke-bed  3 feet  deep. 

The  coke-bed  was  restarted  during  March,  1896,  and  continued  to 
work  with  a few  interruptions  until  the  9th  of  January,  1897.  The 
method  of  dealing  with  the  bed  was  similar  to  that  adopted  during  the 
period  April  to  September,  1895. 

6.  On  the  15th  of  March,  1897,  the  bed  was  again  started  and  worked 
for  two  and  a half  months  with  the  effluent  from  sewage  which  had 
undergone  previous  settlement  without  the  aid  of  chemicals. 

In  the  table  on  page  10  the  average  results  of  the  chemical  analysis  of 
the  settled  sewage  and  of  the  coke-bed  effluent  and  of  the  purification 
effected  during  this  period  are  set  forth. 

7.  From  the  30th  of  May,  1897,  the  coke-bed  dealt  with  the  effluent 
from  sewage  which  had  been  treated  with  1 grain  of  sulphate  of  it  on 
only  per  gallon  and  then  subjected  to  sedimentation. 

After  this  experiment  the  coke-bed  continued  until  the  18th  of 
September,  1897,  to  deal  with  “chemical”  effluent  as  before.  It  was 
thrown  out  of  work  on  the  19th  of  September  until  the  15th  of  Max , 1S9<-- 
During  this  interval  the  bed  was  increased  in  depth  to  6 feet  by 
placing  upon  the  top  of  the  old  bed,  3 feet  of  sifted  and  graded  coke 
fragments.  On  the  16th  of  May,  1 828,  work  was  resumed  and  has  been 
continued  up  to  the  present  time  with  about  half-a-dozen  breaks  o 
varying  duration  in  the  continuity  of  the  work. 

8.  The  work  of  this  bed  has  been  uniform  in  character  during  the  last 
few  years  and  is  no  longer  of  an  experimental  nature.  1 he  results  ol 
the  analysis  of  the  “chemical”  effluent  and  of  the  coke-bed  effluent, 
since  the  bed  was  deepened  and  matured,  have  been  very  concordant ; 
only  the  averages  for  the  years  1900  and  1901  are  therefore  given  m 

the  tables  on  p.  10  and  on  pp.  50-1.  , , 

It  was  discovered  some  time  after  the  bed  had  been  deepened  t ia 
the  lower  3 feet  of  the  bed,  which  consisted  of  unsifted  “ fine  pan 
breeze,”  had  become  very  much  consolidated,  and  that  the  effluent 
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drained  away  from  it  very  slowly  ; the  effective  portion  of  the  bed  was, 
therefore,  the  upper  3 feet  which  consisted  ot  sifted  coke.  It  was 
evident  therefore,  that  unsifted  coke  was  quite  unsuitable  for  the  pur- 
pose of  making  a coke-bed,  and  that  the  coke  must  not  only  be  freed  from 
dust,  but  could  also  with  great  advantage  be  composed  of  particles  ot 
similar  dimensions 

The  average  quantity  of  effluent  dealt  with  by  the  bed  at  each  hi  ling, 
during  the  years  1900-1  was  314,969  gallons,  whereas  during  the  period 
from  May  12th,  1898,  to  December  30th,  1899,  the  average  quantity  per 
tilling  was  519,367  gallons.  This  difference  is  probably  clue  to— 

i.  The  continued  consolidation  ot  the  lower  3 feet  of  the  material 

composing  the  bed. 

ii.  The  difference  in  the  average  number  of  hours  during  which 

the  bed  was  allowed  to  drain  throughout  the  two  periods. 
From  May  12th,  1898,  to  December  30th,  1899,  the  average 
number  of  fillings  per  day  was  U05,  whereas  during  the  two 
years  1900-1,  the  average  number  of  fillings  per  day 
was  1 -55. 

The  time  for  filling  the  bed  was  generally  so  selected  that  the  effluent 
could  be  discharged  into  the  river  at  low  water  ; this  was  done  in  order 
to  avoid  the  expense  of  pumping.  Under  this  arrangement  two  fillings 
per  24  hours  were  usually  made.  The  time-table  for  the  bed  was  as 
follows — 

Time  occupied  in  filling  ...  ..  ...  ...  H hours 

Time  occupied  in  standing  full  (contact  period)  ...  2 ,, 

Time  occupied  in  emptying  ...  ...  ...  2£  ,, 

Time  occupied  in  standing  empty  (aeration  period)  6 ,, 

The  high  efficiency  of  the  bed  has  been  very  well  maintained,  but  it 
should  be  borne  in  mind  that  this  bed  has  been  dealing  only  with  the 
effluent  from  chemically  precipitated  sewage,  and  has  therefore  had  a 
much  smaller  amount  of  purification  to  effect  than  the  beds  which  have 
dealt  with  crude  or  with  “ septicised”  sewage. 

The  average  purification  of  the  crude  sewage  which  was  effected 
during  tin  two  years  1900-1  by  the  bacterial  action  of  the  bed  in  con- 
junction with  the  previous  chemical  treatment  and  sedimentation  was 
9F2  per  cent , as  measured  by  the  relative  quantities  of  oxygen  absorbed 
from  permanganate  by  the  total  putrescible  matter  (both  suspended  and 
dissolved)  in  the  crude  sewage  and  in  the  coke-bed  effluent.  The 
average  purification  effected  on  the  *•  chemical  ” effluent  by  the  coke-bed 
treatment,  when  estimated  in  a similar  manner,  was  85-6  per  cent., 
whereas  it  was  only  81  8 per  cent,  during  previous  periods  when  these 
estimations  were  made,  namely,  from  November  8th,  1898,  to 
January  21st,  1899,  and  from  October  18th  to  December  31st,  1899. 

The  treatment  of  effluent  from  the  chemically  treated  and  sedimenled 
sewage  is  being  continued  in  this  bed. 
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Table  II.  Average*  oj  the  chemical  estimations  of  the  effluent  from  the  c/iemicaUi 
treated  and.  subsequently  sedimented  sewage  as  supplied  to  the  one-nsre  coke-lJl 
at  the  Northern  Outfall  Works,  and  of  the  effluent  from  the  one-acre  cok+bed 
during  the  various  periods  referred  to  in  the  foregoing  pages.  All  guantities 
except  where  otherwise  stated  are  expressed  in  parts  per  1 00,000. 


Date. 

Oxygon  absorbed  from 
permanganate  in  four 
hours  at  80°  Fahr.  by 
the  clear  liquid  (dis- 
solved putrescible  mat- 
ter) of  the 

Albuminoid  nitrogen 
in  the 

Nitric  nitrogen 
in  the 

Vtrty  entage 
purified  Uoa 
ettwAed  by 
tbe  coke-bed 
on  tlse 
*•  en«nic»l " 
effluent,  a. 
measured  by 
the  removal 
of  dissolved 
pu  treed  bie 
matter. 

8 

“ chemical” 
effluent. 

2 

1 

coke-bed 

effluent. 

3 

“chemical” 

effluent. 

4 

coke-bed 

effluent. 

S 

44  chemical  99 
effluent. 

6 

colce-bed 

effluent. 

- 

1 i 

1.  28  Sep.  to  23  Dec.  1893 

5-867 

1-704 

0-479 

0-136 

0*1577 

0-1883 

710 

2.  2 Apr.  to  9 June,  1894  ... 

5-852 

1-223 

0-490 

0-112 

0-1829 

0-3398 

791 

3.  30  July  to  9 Nov.,  1894.. | 

5-154 

1-043 

0-466 

0 133 

0 0319 

02020 

79-8 

4.  3 Jan.  to  7 Mar.,  1895  ,.j 

6-148 

1-406 

0-479 

0 143 

05382 

0-9727 

771 

5.  1 Apr.  to  28  Sep.  1895  ...j 

4-602 

0-926 

0-403 

0-129 

0-2004 

0 7602 

79  9 

*6.  15  Mar.  to  29  May  1897  ,.| 

3-860 

0-713 

0-385 

0-105 

0-0283 

0-3769 

81  5 

7.  31  May  to  12  June,  1887 

3-140 

0-617 

0-301 

0-086 

0-0556 

0-4149 

80-4 

8.  1900-1901  

5-497 

0-880 

not  esti 

mated 

0-0425 

0-9971 

840 

For  “ ‘chemical  ’ effluent”  in  columns  2,  4,  6,  and  8 read  44  settled  sewage,”  for  this  series  of  averages  only. 


IV.  The  treatment  of  crude  sewage  in  primary  and  secondary 

BEDS  FIVE  FEET  DEEP,  OF  KENTISH  RAGSTONE  AND  OF  COKE,  AT  THE 

Northern  Outfall  Works  (Barking).  Series  I. 

These  experiments,  which  were  commenced  on  the  22nd  of  September, 
1898,  were  the  first  carried  out  at  the  Northern  Outfall  Works  in  the 
systematic  treatment  of  crude  sewage  in  bacteria-beds.  The  experiments, 
which  were  conveniently  divided  into  three  series,  were  conducted  in 
four  iron  tanks,  each  4 feet  square. 

For  the  experiments  of  Series  I.  the  tanks  were  used  at  their  original 
depth  of  6 feet.  Two  of  the  tanks  were  fixed  on  supports  at  a higher 
level  than  the  other  two,  in  order  that  any  liquid  could  be  discharged 
from  the  bottom  of  the  higher  tanks  or  primary  beds  at  a level  above 
the  top  of  the  lower  tanks  or  secondary  beds. 

The  crude  sewage  applied  to  the  beds  was  obtained  from  a large  pipe 
conveying  sewage  to  an  overhead  lime-tank,  and  was  raised  by  means 
of  a portable  auxiliary  pump.  This  pump  was  stopped  for  a few  days 
periodically  for  cleaning,  and  on  these  occasions  the  bacteria-beds  could 
not  be  filled. 

The  material  employed  in  the  two  primary  beds  was  coke  and 
ragstone  respectively,  and  was  of  such  a size  that  the  pieces  would  pass 
ft' 4-inch  mesh  and  be  rejected  by  a f-inch  mesh.  The  material  in  the 
two  secondary  beds  was  also  coke  and  ragstone  respectively,  and  was  of 
such  a size  that  it  would  pass  a £-inch  mesh  and  be  rejected  by 
a Y^-mcli  rnesh. 

The  reason  for  employing  Kentish  ragstone  was  that  it  seemed 
probable  that  the  calcium  carbonate  in  the  ragstone  would  be  found 
to  promote  the  bacterial  action. 
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The  method  of  workihg  the  beds  was  as  follows : — 

The  two  coarse  primary  beds-  were  filled  with  crude  sewage 
simultaneously  and  as  quickly  as  possible  to  a level  with  the  top  of  the 
solid  material ; the  beds  were  allowed  to  remain  full  for  two  hours,  and 
were  then  drained  into  the  tine  secondary  beds.  These  remained  full 
for  two  hours,  and  were  then  drained  off. 

The  effluent  from  the . coarse  primary  Kentish  ragstone- bed  was 
always  discharged  into  the' tine  secondary  Kentish  ragstone-bed,  and 
that  from  the  coarse  coke-bed  into  the  tine  coke-bed. 

During  the  outflow  of  the  effluent  from  each  bed  samples  were  taken 
every  few  minutes.  These  samples  were  mixed,  and  the  average  liquid 
thus  obtained  was  subjected  to  analysis.  The  crude  sewage  with  which 
the  primary  beds  were  filled  was  sampled  and  examined  in  a similar 
manner. 

The  following  table  gives  particulars  as  to  the  number  of  times  the 
coarse  beds  were  filled,  and  as  to  the  quantity  of  crude  sewage  dealt 
with  by  them. 

Table  III. 


Date. 

Number 

of 

days. 

Number 
of  tU} son 
which 
each  bed 
was 
filled. 

Number 
of  fillings 
of  each 
bed 

per  day. 

Average  quantity  of  crude  sewage  dealt 
* ith  by  each  bed  per  day.  Expressed 
in  terms  of  an  acre. 

During  the  whole 
period. 

During  the  days  on 
which  the  beds  were 
working. 

Coke- 

bed. 

Rag  stone- 
bed. 

Coke- 

bed. 

Ragstone- 

bed. 

1898  1899 

Gallons. 

Gallons. 

Gallons. 

Gallons. 

22  Sept,  to  9 Jan.  ... 

110 

83 

1 

519,750 

415,800 

688,825 

551,060 

1899 

11  Jan.  to  15  April  ... 

95 

73 

2 

626,576 

601,128 

815,407 

782,290 

The  capacity  of  the  two  coarse  beds  was  estimated  at  various  times 
with  the  following  results : — 


Table  IV. 


Capacity  of  the 

Capacity  of  the 
b»*d  stated  as  a 
]K*rcentage  of  the 
volume  < f the 
empty  tank. 

Corresponding 
capacity  per  acre 
of  bed. 

Average  weekly 
percentage 
reduction  in  the 
capacity  of  the 

coke-  rugstone- 
bed.  bed. 

Coke-  Ragstone- 
bed.  bed. 

Coke-  Ragstone 
bed.  j bed. 

coke-  j rugstono- 
bed.  bed. 

Gallons. 

Oallo'iH. 

29  Sept., 

1898  ... 

250 

200 

50-0 

40-0 

680.625 

544,500 

1 1 Jan., 

1899  ... 

195 

183 

390 

530,887 

498,217 

0-73 

9 Mar., 

1899 

168 

174 

336 

34  8 

457,380 

478,715 

0-68 

The  “original  capacity”  (September  29)  was  taken  about  10  days 
after  the  experiments  had  been  started  ; it  is  probably  below  the  total 
capacity,  since  it  was  taken  while  the  beds  were  being  emptied,  and  the 
drainings  of  the  beds  were  therefore  not  included.  No  doubt  a more 
trustworthy  method  of  estimating  capacity  consists  in  filling  the  bed 
after  it  has  drained  for  a definite  time,  which  should  be  the  same  in  all 
processes  of  taking  capacities,  it  might  be  well  that  a standard 
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“drainage  period”  should  be  recognised  generally,  since  the  wetness  of 
the  bed-material  must  affect  the  so-called  capacity  considerably.  Thus 
a bed  which  had  been  draining  for  one  hour  only  would  require  le*s 
liquid  to  fill  it  than  one  which  had  been  draining  for  ten  hours.  In  the 
case  of  the  one-acre  bed  at  Barking,  it  is  known  that  the  effluent  will 
continue  to  drain  away  for  several  days. 

It  should  be  stated  that  the  raw  sewage  which  was  supplied  to  the 
beds  was  of  the  heaviest  kind.  It  was  drawn  from  a level  about  a foot 
from  the  bottom  of  the  sewer,  and  passed  through  a ^-inch  screen  to 
the  beds  without  any  previous  sedimentation. 

On  January  20th,  1899,  an  attempt  was  made  to  estimate  the  free 
oxygen  in  solution  in  the  effluents  from  the  four  beds,  and  the  following 
results  were  obtained — 


Ragstone,  coarse  bed  ... 
Coke  ,. 

Ragstone,  fine  bed 
Coke  ., 

Complete  saturation  with 


oxygen 


nil. 

nil. 

1 8"0  per  cent. 


\\ 


19-1 

as  taken  as  100. 


The  effluents  from  the  primary  beds  killed  gold  and  silver  fish  in  a 
few  hours,  but  those  from  the  secondary  beds  sustained  fish  life  as 
readily  as  fresh  tap-water  does. 

The  averages  of  the  results  of  the  chemical  examination  of  the  crude 
sewage  as  supplied  to  the  bacteria-beds,  and  of  the  effluents  from  the 
beds,  together  with  the  amount  of  purification  effected  by  each  bed,  are 
shown  in  the  table  on  pp.  50  and  51. 

Early  in  January,  1899,  it  was  considered  that  the  beds,  with  one 
filling  daily7",  had  reached  their  maximum  power  for  purifying  the 
sewage.  It  was  therefore  decided  to  fill  them  twice  daily.  It  will  be 
observed  that  generally  two  fillings  a da}7  gave  a rather  better  result 
than  was  obtained  with  one  filling  per  day,  showing  that  although  the 
purifying  power  of  the  beds,  owing  probably  to  the  large  size  of  the 
material,  was  in  itself  low  and  unsatisfactory,  still  the  beds  were  not 
being  over-worked. 

The  effluent  obtained  from  the  primary  beds  did  not  show  as  high 
a purification  as  had  been  expected  ; it  is  probable  that  the  large  size 
of  the  material  had  the  effect  of  presenting  an  insufficient  surface  of 
contact  with  the  sewage  ; the  putrescible  matter  in  the  sewage  was  not 
therefore  thoroughly  dealt  with  by  the  bacteria.  This  conclusion  has 
since  been  confirmed  by  a higher  percentage  of  purification  having  been 
obtained  in  primary  and  single  beds  composed  of  coke  fragments 
smaller  than  those  used  in  the  experiments  of  Series  I. 

It  will  also  be  seen  that  coke  gives  better  results  than  ragstone  in 
the  removal  of  organic  matters  in  solution ; the  results  are  slightly 
better  on  the  primary  treatment,  and  considerably  better  on  the 
secondary  treatment. 

Abnormal  amounts  of  nitrate  were  found  in  the  first  effluent  from  the 
fine  ragstone  bed  after  the  bed  had  rested  at  Easter,  from  March  29th 
until  April  5th,  1899,  and  it  appeared  probable  that  nitrates  had  been 
formed  in  the  bed  during  the  rest  and  had  then  been  washed  out  b\ 
the  first  filling  with  sewage.  A similar  result  was  not  found  in  any  of 
the  other  beds. 
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The  points  upon  which  information  was  gained  by  these  experiments 
were : — 

a.  The  use  of  Kentish  ragstone  is  not  so  suitable  for  bacteria- 
beds  as  coke  is. 

b.  The  size  of  the  fragments  of  the  material  of  which  a bacteria- 
bed  is  composed  must  be  carefully  adjusted  so  as  to  obtain  the 
maximum  of  superficial  area  or  coke  surface  for  the  bacteria  to 
cover,  without  reducing  the  size  of  the  fragments  of  the  material  to 
such  an  extent  as  to  cause  the  bed  to  become  choked. 

V.  The  treatment  of  crude  sewage  in  double  coke-beds  ten  feet 
DEEP,  AT  THE  NORTHERN  OUTFALL  WORKS  (BARKING).  SERIES  II. 

From  the  results  of  the  experiments  of  Series  I,  it  was  decided  to 
conduct  experiments  in  beds  of  increased  depth,  in  order  to  ascertain 
whether  the  depth  of  a bacteria-bed  has  any  effect  on  its  purifying 
action. 

For  the  purpose  of  these  experiments,  iron  superstructures  4 feet  in 
height  were  bolted  to  the  existing  tanks,  and  the  joints  were  caulked 
and  made  watertight.  Thus  the  depth  of  the  tanks  was  increased  to 
10  feet.  The  tanks  were  then  filled  to  a depth  of  9 feet  9 inches  with 
coke,  and  were  worked  in  two  series  as  follows — ■ 

Series  A — 

(1.)  A primary  coarse  bed.  (A.) 

(2.)  A secondary  coarse  bed.  (Al.) 

Seiies  B — 

(1.)  A primary  coarse  bed.  (B.) 

(2.)  A secondary  fine  bed.  (Bl.) 

The  three  coarse  beds  were  composed  of  coke  of  such  a size  that  it 
would  pass  a 2-inch  mesh  and  be  rejected  by  a £-inch  mesh. 

The  fine  bed  was  composed  of  coke  of  a size  which  would  pass  a 4-inch 
and  be  rejected  by  a ^-inch  mesh.  In  this  instance  the  coke  which 
had  been  in  use  in  the  previous  experiments,  and  was  thus  in  good 
bacterial  condition,  was  mixed  with  two-fifths  of  its  bulk  of  new  material 
in  forming  the  deeper  bed.  The  arrangement  of  the  tanks  allowed  the 
effluent  from  the  primary  beds  to  drain  completely  into  their  respective 
secondary  beds. 

The  sewage  supplied  to  the  beds  was  obtained  from  the  same  source 
as  during  the  previous  experiments,  and  was  thus  of  the  strongest  nature  ; 
it  contained  sand  and  other  suspended  mineral  and  vegetable  matters 
which  should  not  be  allowed  to  reach  the  bed,  and  which  a short  period 
of  sedimentation  would,  in  a very  great  measure,  remove.  It  speaks 
well  for  the  beds  that  they  were  able  to  cope  so  satisfactorily  with  the 
heavy  work  which  was  thrown  upon  them. 

In  series  B the  depth  of  the  primary  coarse  bed  was  reduced  to  9 feet 
0 inches,  in  order  that  its  liquid  contents  should  not  overflow  when  they 
passed  into  the  secondary  fine  bed,  whose  capacity  was  somewhat  smaller 
owing  to  its  being  made  of  finer  material. 

The  procedure  was  precisely  similar  to  that  adopted  in  the  previous 
'•xperiment.  1 he  two  primary  beds  were  filled  simultaneously,  and  were 
allowed  to  remain  full  for  two  hours ; they  were  then  drained  into  the 
secondary  beds,  and  the  effluent  was  allowed  to  remain  for  a further 
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period  of  two  hours  in  contact  with  the  coke.  The  crude  sewage  and 
each  of  the  effluents  were  separately  sampled  and  subjected  to  examination. 

This  series  of  experiments  lasted  from  the  4th  of  July,  1899  to  the 
19th  of  May,  1900. 

The  beds  were  charged  by  means  of  a fixed  syphon  made  of  1 -inch 
pipe,  from  an  overhead  water-tank,  which  was  kept  constantly  full.  The 
volume  delivered  by  this  syphon  per  minute  was  ascertained,  and  the 
capacity  was  then  determined  by  the  length  of  time  required  for  filling 
each  bed.  ^ 

The  following  figures  indicate  the  capacity  of  the  various  beds 
expressed  as  percentages  of  the  total  tank  volume,  also  the  weekly  per- 
centage loss  of  capacity  during  the  number  of  weeks  stated  in  the  last 
column  of  the  table. 


Table  V. 


Capacity  of  the  bed  stated  as  a percentage 
of  the  volume  of  the  empty  tank. 

Average  weekly  percentage  reduction 
in  the  capacity  of  the 

Number 

Date. 

Primary 

coarse 

bed 

A. 

Secondary 

coarse 

bed 

Al. 

Primary 

coarse 

bed 

B. 

Secondary 
fine  bed 
Bl. 

primary 

coarse 

bed 

A. 

secondary 
coarse " 
bed 
Al. 

primary 

coarse 

bed 

B. 

secondary 
fine  bed 

Bl. 

of  weeks 
during 
which 
the 

reduction 

occurred. 

1899 

29  May  ... 

68-7 

61-7 

70-3 

53-1 

20  Sept.  ... 

41-9 

56-8 

33-3 

48-1 

1*67 

0-31 

231 

031 

16 

27  Oct.  ... 

323 

54-9 

32-7 

46-9 

1-92 

0-38 

0-12 

0-24 

5 

6 Dec.  ... 

31-3 

53-1 

27-6 

481 

0-17 

0'30 

0-85 

0-20 

6 

1900 

4 Jan.  ... 

26-8 

50-6 

24-7 

47-0 

M2 

0-62 

0-72 

(increase 

027 

4 

7 Feb.  . . 

21-8 

50-6 

21-2 

44-4 

100 

nil 

0-70 

0-52 

5 

15  Mar.  ... 

20-3 

50-fi 

17-9 

44-4 

030 

nil 

0-66 

nil 

5 

The  progressive  decrease  in  the  capacity  of  the  beds  shows  that  they 
were  choking.  This  cannot  be  wondered  at,  considering  that  the  very 
worst  of  the  sewage  was  being  dealt  with,  and  that  sand  and  other  solid 
matter  was  being  admitted  to  the  beds.  Latterly,  trouble  had  been 
experienced  in  filling  the  primary  beds,  owing  to  the  accumulated  mass 
of  undissolved  matters  on  the  upper  part  of  the  beds.  These  beds, 
however,  were  doing  very  satisfactory  purifying  work,  and  were 
removing  from  40  to  50  per  cent,  of  the  dissolved  putrescible  matters. 

It  was  noticed  that  after  seven  months'  work  the  coarse  bed  B had 
sunk  to  the  extent  of  6 inches.  On  20th  February,  1900,  9 inches  of 
new  coke,  similar  to  that  originally  used,  was  placed  on  the  top  of  this 
bed,  and  the  depth  of  the  bed  was  thus  brought  up  to  9 feet  9 inches, 
as  in  the  case  of  the  other  three  tanks,  the  capacity  ot  the  bed  having 
fallen  sufficiently  to  prevent  its  contents  from  overflowing  the  secondary 
fine  bed. 

During  this  series  of  experiments  both  the  crude  sewage  as  supplied 
to  the  beds  and  the  effluents  from  the  various  beds  were  regularly 
sampled  and  subjected  to  chemical  examination.  In  the  tables  on 
pp.  52-3  the  average  results  of  these  estimations  are  set  forth,  together 
with  the  percentage  of  purification  effect  ed  by  the  coke-beds  as  measured 
by  the  relative  quantities  of  oxygen  absorbed  by  the  putrescible  matter. 
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It  will  be  seen  that  the  sewage  arrived  at  the  works,  containing  an 
average  amount  of  0*1617  part  per  100,000  of  nitric  nitrogen,  which 
shows  that  it  was  fairly  fresh.  It  contained,  as  a rule,  no  nitrous 
nitrogen. 

Comparing  the  amounts  of  oxidation  of  nitrogen  produced  in  the 
various  beds,  the  amount  of  nitrous  oxidation  effected  in  the  primary 
beds  was  increased  by  6-4  per  cent,  in  the  secondary  coarse  bed,  but  it 
was  decreased  by  26  6 per  cent,  in  the  secondary  fine  bed.  On  the  other 
hand  the  amount  of  nitric  oxidation  effected  in  the  primary  beds  was 
increased  by  125'8  per  cent,  in  the  secondary  coarse  bed  and  by  425-9 
per  cent,  in  the  secondary  fine  bed. 

During  this  series  of  experiments,  records  of  the  temperature  of  the 
atmosphere  and  of  the  sewage  and  effluents  were  kept.  The  averages 
of  a series  of  twenty  estimations  made  during  December.  1899,  were  as 
follows : — 


Temperatures  in  degrees  Fahrenheit. 


Air. 

Ciude 

sewage. 

Air. 

Effluent 
from 
primary 
bed  A. 

Effluent 
from 
primary 
bed  B. 

Air. 

Effluent 

from 

secondary 
bed  Al.* 

Effluent 

from 

secondary 
bed  Bl. 

38-5 

530 

38'0 

46-0 

44  5 

37-5 

44-0 

42-5 

From  a general  consideration  of  these  averages  it  appears  that  when 
the  atmosphere  was  at  a temperature  of  38'5°  Fahr.  the  sewage  flowed 
into  the  primary  beds  at  a temperature  of  53°  Fahr. ; and  that,  after  it 
had  remained  in  the  primary  beds  for  two  hours,  it  flowed  into  the 
secondary  beds  at  a temperature  of  46u  from  bed  A and  of  44‘5°  from 
bed  B,  the  air  temperature  at  that  time  being  38‘0°.  After  the  sewage 
had  remained  in  the  secondary  beds  for  two  hours,  it  was  drawn  off,  and 
showed  a temperature  of  44°  from  bed  Al,  and  42'5°  from  bed  Bl,'  the 
air  temperature  at  the  time  being  37'5°.  It  will  be  observed  that  the 
average  temperature  of  the  outside  air  fell  during  the  whole  process 
1 Fahr.,  and  that  the  sewage  fell  7°  while  it  remained  for  two  hours  in 
the  primary  bed  A,  and  a further  2°  while  it  remained  another  two  hours 
in  the  secondary  bed  Al,  or  9 degrees  out  of  a possible  15-5  degrees 
fall^during  the  whole  process.  In  series  B the  sewage  fell  in  temperature 
8*5  after  two  hours’  rest  in  the  primary  bed  and  a further  2°  after 
another  two  hours  in  the  secondary  bed,  or  10'5  degrees  out  of  a 
possible  fall  ot  15-5  degrees  during  the  whole  process. 

In  considering  this  question  of  temperatures  the  following  facts  must 
be  borne  in  mind — (1)  that  the  beds  were  small  in  area  ; (2)  that  their 
position  was  exposed,  that  they  stood  in  rnetal  tanks  supported  entirely 
above  the  ground-level,  and  that  each  tank  was  widely  separated  from 
the  others;  and  (3)  that  since  the  tanks  were  constructed  of  thin 
galvanised  iron,  their  exteriors  readily  lost  heat  by  radiation  as  well  as 
by  contact  with  the  cold  air. 

The  somewhat  lower  temperatures  found  in  aeries  B are  explained 
oy  the  fact  that  the  B tanks  are  somewhat  more  exposed  than  the  A 
tanks,  which  stand  between  the  B tanks  and  a wooden  wind-screen. 
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Another  aeries  of  readings  was  made  during  January  and  February, 
1900.  This  included  readings  of  the  temperature  of  the  interior  of  the 
beds  of  the  A series.  This  series  included  26  readings  of  each  set,  the 
averages  of  which  arc  given  in  the  following  table: — 


Temperatures  in  degrees  Fahrenheit. 


Crude 

sewage. 

Primary  bed*. 

Secondary  bod*. 

Air. 

Ai-. 

Interior 

of 

bed  A. 

Effluent 
from 
bed  A. 

Effluent 
from 
bed  B. 

Air. 

interior 

of 

bed  Al. 

Effluent 
from 
bed  Al. 

Effluent 
from 
bed  Bl. 

43-5 

50'5 

42-0 

50'5 

40.0 

40-0 

41-0 

48-0 

45"0 

4 i<) 

In  series  A the  temperature  of  the  beds  themselves  was  taken  about 
four  hours  after  they  had  been  emptied,  and  the  average  temperature  of 
the  primary  bed  was  then  found  to  be  equal  to  that  of  the  sewage  which 
had  flowed  into  the  bed,  viz.,  50*5°  Fahr.,  the  temperature  of  the  outside 
air  being  42°.  The  average  temperature  of  the  interior  of  the  secondary 
bed  was  48°,  or  2°  higher  than  that  of  the  effluent  from  the  primary 
bed  with  which  it  had  been  filled,  and  3°  above  that  of  the  effluent 
drawn  off  four  hours  before  the  temperature  of  the  bed  was  taken,  the 
temperature  of  the  outside  air  being  at  41°  Fahr. 

These  details  may  be  summarised  as  follows— The  temperature  of  the 
liquid,  while  it  was  standing  in  the  primary  bed,  fell  4'5J  Fahr.,  but  after 
the  liquid  had  been  drawn  off,  the  bed  recovered  from  this  loss  of  tem- 
perature in  four  hours ; this  recovery  could  evidently  only  be  effected 
by  some  internal  action  which  was  attended  with  the  production  of  heat, 
and  was  probably  due  to  the  action  of  the  bacteria  upon  the  organic 
matters  contained  in  the  bed.  The  liquid,  in  passing  through  the 
secondary  bed,  lost  a further  degree  in  temperature,  but  the  bed, 
after  standing  empty  for  four  hours,  rose  in  temperature  again  to  the 
extent  of  3°  Fahr. 


Between  October,  1899,  and  February,  1900,  estimations  were  made 
of  the  composition  of  the  air  contained  in  the  body  of  the  primary 

bed  B when  empty.  , , . ,, 

From  the  19th  of  October  to  the  end  of  1899  the  air  present  in  the 

interstices  of  the  coke-bed,  after  it  had  remained  empty  tor  the  average 
time  of  21  hours  on  several  different  occasions,  contained  the  following 
average  percentages  of  oxygen  and  carbon  dioxide— 

Oxygen  ^ 

Carbon  dioxide  •"  , °'4  , , , , 

Between  January  1st  and  February  23rd,  1900,  when  the  bed  had 
remained  empty  on  many  occasions  for  an  average  period  of  hw .nouns, 
the  following  average  percentages  were  found  in  the  interstitial  ai 

Oxygen  

Carbon  dioxide  ; 

Fresh  air  contains  on  an  average  the  following  percentages 

Oxygen  04 

Carbon  dioxide 
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The  average  proportion  of  oxygen  present  in  the  air  at  the  bottom  of 
the  bed,  as  compared  with  that  present  in  fresh  air,  therefore  was,  up  to 
the  end  of  1899,  with  the  bed  standing  empty  for  21  hours,  about 
50  per  cent. 

From  the  commencement  of  the  year  1900  until  February  23rd,  with 
the  bed  standing  empty  for  the  average  period  of  five  hours,  the  aeration, 
as  measured  by  the  above  proportion  of  oxygen,  was  about  38  per  cent. 
This  was  by  no  means  so  satisfactory  a condition  as  could  be  desired, 
and  was  probably  due  to  the  fact  that  the  bed  had  become  clogged  by 
the  heavy  suspended  matters  of  the  crude  sewage,  and  that  the  bacteria 
acting  on  these  matters  caused  a rapid  absorption  of  oxygen  from  the 
air  with  liberation  of  carbon  dioxide  and  other  gases. 

The  effluent  from  the  primary  beds  was  capable  of  sustaining  the  life 
of  gold  fish  apparently  indefinitely.  Less  hardy  fish,  such  as  roach, 
dace,  and  perch,  became  sickly  after  living  in  the  effluent  for  a week  or 
two  : it  should  be  remarked,  however,  that  these  fish  were  in  a somewhat 
sickly  condition  before  they  were  placed  in  the  effluent. 


VI.  The  treatment  of  settled  sewage  in  coke-beds  at  the 
Northern  Outfall  Works  (Barking).  Series  III. 

The  results  obtained  from  the  experiments  of  Series  I.  and  of  Series 
II.  indicated  that  a preliminary  sedimentation  of  the  crude  sewage  was 
necessary  before  allowing  it  to  flow  upon  the  coke-beds,  in  order  to  avoid 
the  choking  of  the  beds.  This  last  series  of  experiments  was  therefore 
instituted  more  especial with  the  view  of  finding  out  the  best  means 
of  settling  the  sewage  before  treatment  in  coke-beds.  This  series  of 
experiments  extended  from  the  7th  of  November,  1900,  until  the  10th 
of  August,  1901.  The  iron  tanks  used  in  the  previous  experiments 
were  adapted  to  the  requirements  of  this  series. 

The  two  upper  tanks,  which  were  on  a higher  level  than  the  others, 
and  which  had  been  used  as  primary  beds  in  the  previous  experiments, 
were  emptied  of  their  coke,  and  were  used  as  settling  tanks  (A  and  B). 
Lach  of  these  tanks  was  supplied  with  crude  sewage  from  the  mains  by 
a 1 2-inch  iron  pipe  which  dipped  into  the  tank  to  a depth  of  7 feet 
from  the  top. 

In  order  to  distribute  the  sewage,  and  to  prevent  the  sediment  of 
sludge  on  the  bottom  of  the  tank  from  being  disturbed,  the  crude 
sewage  flowed  upon  a board  8 inches  square  fixed  about  G or  7 inches 
below  the  open  end  of  the  feed  pipe. 

A 1-inch  iron  pipe  was  used  in  each  tank  as  a syphon  for  conveying 
the  settled  sewage  from  the  settling  tanks  to  the  coke-beds  in  the 
ower  tanks.  One  end  of  each  of  these  pipes  was  continued  to  a depth 
of  o feet  below  the  top  of  the  settling  tank,  the  other  end  of  each 
sjphon  pipe  discharged  the  sewage  upon  the  first  of  a series  of  three 
consecutive  wooden  platforms;  the  last  platform  of  each  series  was 
perforated  and  was  placed  about  2 feet  above  the  surface  of  the  coke  in 

of  rk8‘  h°  °bjeCt  °f  these  Platforms  was  to  secure  aeration 

or  tne  settled  sewage. 

I J,',1  capacity  of  each  of  the  subsidence  tanks  was  1,000  gallons 
"'  .JV  '“"ks  were  ojJy  filled  to  a depth  of  0-5  feet  and  this  gave  a 
working  capacity  of  950  gallons. 
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rriie  two  lower  tanks  were  used  for  the  coke-beds.  The  bed  which 
was  worked  in  connection  with  settling  tank  A was  known  as  the 
“ coarse  coke-bed  A.”  It  was  composed  of  the  coke  which  had  been 
used  in  connection  with  the  previous  series  of  experiments,  and  the  size 
of  the  fragments  was  such  that  they  would  pass  through  a 2-inch  nu-sh 
and  be  rejected  by  a i-inch  mesh. 

The  other  tank  was  known  as  the  “ fine  coke-bed  B.”  The  coke  of 
which  it  was  composed  had  also  been  used  before,  and  was  of  such  a 
size  as  would  pass  a ^-inch  mesh  and  be  rejected  by  a -j^-inch  mesh. 
Both  of  the  tanks  were  filled  with  coke  to  a depth  of  6 feet.  The  beds 
were  underdrained  with  perforated  2-inch  iron  pipes  arranged  as  a 
“ fourway,”  with  three  open  ends,  while  the  fourth  end  was  connected 
with  the  outlet  cap.  Large  pieces  of  coke  were  arranged  around  the 
pipes  in  order  to  prevent  choking. 

When  the  two  settling  tanks  were  first  started,  they  were  filled  with 
roughly  screened  crude  sewage  to  within  6 inches  of  the  top,  and  this 
was  allowed  to  settle  for  24  hours  ; sufficient  of  the  sedimented  sewage 
to  fill  the  coke-beds  was  then  syphoned  off  to  the  beds.  The  sewage 
from  tank  A was  always  supplied  to  coke-bed  A,  while  that  from  tank 
B always  passed  on  to  bed  B.  After  the  beds  had  been  filled  from  the 
tanks,  the  latter  were  immediately  filled  up  with  fresh  sewage,  which 
was  allowed  to  settle  until  it  was  time  for  the  coke-beds  to  receive  a 
fresh  charge.  This  method  of  procedure  was  maintained  throughout 
the  experiments  of  Series  III.,  except  as  regards  the  number  of  con- 
secutive hours  during  which  the  sewage  remained  undisturbed  in  the 
settling  tanks.  After  the  coke-beds  had  been  filled  they  remained 
undisturbed  for  two  hours ; they  were  then  emptied,  and  remained  with 
air  filling  the  interspaces  until  the  time  arrived  for  re-charging  them 
with  sewage.  This  rest  period  necessarily  varied  with  the  number  of 
charges  which  the  beds  received  during  the  24  hours.  The  number 
of  fillings  per  day  ranged  between  one  and  three.  The  beds  were  filled 
at  4 a.m.,  2 p.m.  and  10  p.m.  when  they  were  receiving  three  fillings 
per  day. 

Both  the  coke-beds  always  rested  on  Sundays ; and  on  several  days 
during  January,  February  and  March,  1901,  it  was  impossible  to  fill  the 
coke-beds  on  account  of  the  tanks  having  become  frost-bound.  The 
freezing  was  due  to  the  elevated  and  exposed  position  of  the  tanks, 
which  caused  them  to  be  in  contact  on  all  sides  with  the  cold  air. . 

Both  beds  rested  from  April  24th  to  May  6th,  1901.  This  was 
thought  to  be  advisable  because  their  purifying  powers  had  apparently 
clstcnorSitGcl 

It  must  be  borne  in  mind  that  these  beds  were  dealing  with  sewage 
which  had  undergone  very  imperfect  sedimentation,  on  account  of  the 
small  size  of  the  settling  tanks  and  the  unsatisfactory  mannei  of  feeding 
and  discharging  them  ; and  it  was  further  shown,  latter  on,  that  the 
sewage  had  undergone  very  slight  anaerobic  or  “ septic  action  in  these 
tanks.  The  sewage  supplied  to  the  beds  was  therefore  not  in  a suit- 
able condition  for  undergoing  rapid  purification  in  the  coke-beds,  hence 
the  three  fillings  per  dav  which  the  beds  had  received  just  previous 
to  April  24th,  1901,  were  too  many  for  them  to  deal  with  satisfactorily. 
Other  rests  which  the  beds  received  were  necessitated  by  public  holidays, 
by  repairs  to  the  pumps  or  by  the  cleaning  of  the  engine. 
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Throughout  the  experiments,  the  coarse  coke-bed  A was  filled  with 
settled  sewage  287  times,  and  the  fine  coke-bed  B was  filled  313  times. 

The  settling  tanks  were  primarily  arranged  for  the  purpose  of  inter- 
cepting the  grosser  suspended  matter  from  the  sewage  which  passed 
through  them.  Such  matter  consists  principally  of  sand  and  road 
detritus  and  of  substances  chemically  known  as  “ cellulose.”  Since 
sand  and  mineral  road  detritus  are  not  acted  upon  by  bacteria  at  all, 
and  cellulose  is  only  very  slowly  broken  up  by  aerobic  bacterial  action, 
it  follows  that  these  substances  should  be  intercepted,  since,  if  they 
are  allowed  to  enter  the  coke-beds,  the  capacity  of  the  beds  becomes 
very  rapidly  reduced. 

It  was  anticipated  that  bacterial  change  would  occur  in  the  sediment, 
and  the  tanks  were  carefully  watched  in  order  to  detect  any  signs  of 
so-called  “ septic  ” or  anaerobic  bacterial  action  which  might  take  place 
in  them.  On  December  13th,  1900,  an  examination  of  the  deposit  in 
the  settling  tanks  was  made  and  indicated  that  some  of  the  sediment 
or  sludge  had  disappeared  from  the  bottom  of  the  tanks. 

During  a period  of  rest  which  lasted  from  July  12th  to  16th,  1901, 
“septic”  action  occurred  in  the  settling  tanks,  and  large  masses  of  sludge 
were  lifted  to  the  surface  by  the  gas  evolved  during  the  anaerobic  action. 
The  sludge  which  had  been  deposited  in  the  tanks  was  very  much  dis- 
turbed by  this  movement,  as  well  as  by  the  alteration  of  the  level  of  the 
liquid  in  the  tanks  while  the  settled  sewage  was  being  syphoned  off  for 
the  purpose  of  filling  the  coke-beds.  Further,  on  account  of  the  small 
size  of  the  tanks,  some  of  the  sludge,  which  had  been  lifted  by  the  gas 
bubbles,  was  drawn  through  the  syphon  pipes  and  thus  gained  access  to 
the  coke-beds. 

On  January  28th,  1901,  the  settling  tank  A was  thoroughly  cleaned 
out  and  a fresh  start  was  made. 

Throughout  the  period  of  experiment,  the  amount  of  suspended  matter 
or  sludge  in  the  crude  sewage  which  entered  the  tank  had  been  carefully 
determined,  and  it  was  known  how  much  should  be  present  as  a sedi- 
ment on  the  bottom  of  the  tank.  But  when  the  quantity  of  this  sludge 
was  estimated,  during  the  clearing  out  of  the  settling  tank,  it  was  found 
that  the  amount  was  considerably  less  than  that  which  had  entered  the 
tank.  No  less  than  20*2  per  cent,  of  this  total  solid  matter  was  found  to 
have  been  liquefied  by  “septic”  action  between  January  28th  and  August 
6th,  1901,  in  settling  tank  A;  this  is  equal  to  37’4<  percent,  of  the  solid 
organic  matter  in  the  sewage  supplied  to  the  tank.  The  reduction  of 
the  quantity  of  solid  matter  in  tank  B was  only  G per  cent,  of  the  total 
solids,  or  1 2*8  per  cent,  of  the  solid  organic  matter  in  the  sewage  supplied 
to  the  tank  between  February  9th  and  August  6th,  1901. 

1 he  great  difference  between  the  amounts  of  “septic”  action  which 
had  occurred  in  the  two  tanks  is  doubtless  due  to  the  fact  that  tank  A,  in 
which  the  “septic”  action  appears  to  have  been  the  more  pronounced,  had 
not  been  disturbed  during  three  weeks  from  June  5th  to  28th,  oh  account 
of  the  period  of  rest  accorded  to  the  coke-bed  which  was  worked  in  con- 
nection with  the  tank  A;  whereas  tank  B was  practically  in  continuous 
use.  As  has  been  already  stated  the  disturbance  of  the  sludge  during 
working  was  considerable,  and  undoubtedly  interfered  with  the  “septic” 
action.  Ihere  seems  also  little  doubt  that  the  low  temperature  of  these 
tanks,  due  to  their  free  exposure  on  all  sides  to  the  air,  was  inimical  to 
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bacterial  change.  Similar  experiments  carried  out  at  the  Southern 
Outfall,  with  settling  tanks  constructed  in  masonry  and  sunk  in  the 
ground,  gave  much  more  uniform  and  satisfactory  results,  and  this 
appears  to  be  due  to  their  maintaining  a higher  and  more  uniform  tem- 
perature, as  well  as  to  their  feed  being  so  arranged  as  to  avoid  disturbance 
of  the  sedimented  sludge. 

The  amount  of  sludge  produced  weekly  in  each  of  the  two  subsidence 
tanks  averaged  about  9 gallons,  and  it  contained  89 -5  per  cent,  of  mois- 
ture. The  average  quantity  of  sewage  which  passed  through  each  tank 
was  1,620  gallons  weekly  in  the  case  of  tank  A,  and  1,412  gallons  in  the 
case  of  tank  B. 

The  results  of  these  experiments,  as  far  as  the  action  of  the  coke-beds 
is  concerned,  may  be  considered  as  very  satisfactory.  Bearing  in  mind 
the  small  size  of  the  settling  tanks  and  the  small  amount  of  “ septic  ” 
action  which  took  place  in  them,  the  chemical  condition  of  the  final 
effluent  and  the  small  loss  of  capacity  of  the  coke-beds  compare  very 
favourably  with  the  results  of  the  earlier  experiments,  and  prove  the 
great  advantage  of  preliminary  sedimentation. 

& The  average  percentage  amount  of  purification  effected  by  the 
combined  action  of  the  settling  tank  A and  of  the  coarse  coke-bed  A,  as 
measured  by  the  relative  quantities  of  oxygen  absorbed  from  per- 
manganate by  the  dissolved  putrescible  matter  in  the  crude  sewage  and 
in  the  final  coke-bed  effluent,  was  51  -8  ; the  highest  average  purification 
effected  by  the  double  ragstone-beds  of  Series  I.  with  two  fillings  per 
day  amounted  to  51*6,  but  the  double  coke-beds  of  Series  I.  yielded  the 
best  results  with  one  filling  per  day,  when  an  average  of  64-9  per  cent, 
of  purification  was  effected.  It  will  thus  be  seen  that,  the  pm  ideation 
effected  by  the  settling  tank  A and  by  the  coarse  coke-bed  A of  Series 
III.  was  equal  to  that  effected  by  the  double  ragestone-beds  of  Series  I. 

A more  useful  comparison  between  the  results  of  the  various 
experiments  may  be  obtained  by  comparing  the  actual  amount  of 
purification  effected  by  the  individual  beds  on  the  liquid  supplied  to 
them.  The  following  is  a list  of  the  figures  representing  such  results. 


Series  I. 

Coarse  ragstone-bed  ... 
Fine  ragstone-bed 
Coarse  coke-bed 
Fine  coke-bed  ... 

Series  II. — 

Brimary  coarse  bed  A ... 
Secondary  coarse  bed  A1 
Primary  coarse  bed  B . . . 
Secondary  fine  bed  B1 
Series  III. — 

Coarse  coke-bed  A 
Fine  coke-bed  B 


Average  percentage  purification  effected  throughout 
the  experiments,  by  the  beds  on  the  liquid 
supplied  to  them. 


20-6 

35-9 

22-5 

52-6 

46 '3 
31-9 
47*0 
521 

38-8 

51*2 


From  these  results  it  will  be  seen  that  the  fine  coke-bed  m the  last 
series  of  experiments  dealing  with  settled  sewage,  effected  a purification 
practically  equal  in  amount  to  the  best  results  obtained  from  any  single 
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bed  in  previous  experiments.  But  it  will  be  remembered  that  in  the 
instances  where  the  amount  of  purification  effected  by  a single  bed  in 
previous  experiments  was  equal  to  that  of  the  fine  coke-bed  B of  the 
last  experiment,  the  coke-beds  were  dealing  with  sewage  which  had 
received  previous  treatment  in  a primary  coke-bed,  whereas  in  the  last 
experiment  the  coke-bed  was  dealing  with  sewage  which  had  been 
only  imperfectly  settled  and  which  had  been  subjected  to  but  very  slight 
“ septic  ” action. 

In  the  case  of  the  coarse  coke-bed  the  amount  of  purification  effected 
was  greater  in  the  last  series  of  experiments  than  that  effected  by  the 
secondary  coarse  bed  A1  in  the  previous  series  of  experiments.  The 
result  obtained  by  the  coarse  coke-bed  A is  hardly  comparable  with  the 
results  obtained  by  the  primary  coarse  beds  of  Series  I.  and  II.,  as  the 
sewage  supplied  to  them  had  not  been  treated  in  any  way,  whereas  in 
Series  III.  the  sewage  had  been  previously  subjected  to  sedimentation. 

It  will  therefore  be  seen  that  the  coke-beds  used  in  the  experiments  of 
Series  III.  effected  practically  as  much  purification  on  a sewage  which 
had  been  previously  settled  as  the  secondary  coke-beds  of  Series  I. 
and  II.  effected  on  a sewage  which  had  been  previously  treated  in 
primary  coke-beds.  But  the  advantage  of  the  method  of  previous 
settlement  and  treatment  in  a single  coke-bed,  over  that  of  primary  and 
secondary  treatment  in  coke-beds  without  previous  settlement,  is  that  in 
the  latter  process  the  primary  coke-beds  are  rapidly  thrown  out  of 
action  by  loss  of  capacity  by  choking,  while  in  the  former  process  the 
choking  is  avoided.  The  results  of  the  experiments  at  the  Council’s 
Outfall  Works  and  at  other  centres  indicate  that  when  the  settlement 
of  the  sewage  is  conducted  on  a large  scale,  and  is  accompanied  by 
energetic  “septic”  action,  the  coke-beds  do  not  continuously  lose  capacity 
by  the  accumulation  in  them  of  sewage  sludge,  but  only  decrease  in 
capacity  to  a limited  and  definite  extent  by  the  growth  of  purifying 
bacteria  upon  the  coke  surfaces.  This  growth  is  necessary  and  desirable 
if  it  is  kept,  as  it  can  be  kept,  within  reasonable  limits. 

From  November  7th,  1900,  to  January  27th,  1901,  the  samples  of 
sewage  supplied  to  the  two  settling  tanks  were  mixed  together  before 
being  analysed,  as  were  also  the  samples  of  the  settled  sewage  flowing 
from  the  two  settling  tanks  to  the  coke-beds  ; on  and  after  January  28th 
these  samples  were  all  separately  analysed. 

B.— SOUTHERN  OUTFALL. 

\ II.  Series  ok  Experiments  on  the  bacterial  treatment  of 

RAW  SEWAGE,  TOGETHER  WITH  A DESCRIPTION  OF  THE  TANKS 

AND  BEDS  USED  IN  CONNECTION  THEREWITH,  AT  THE  SOUTHERN 

Outfall  Works  (Crossness). 

1 he  experiments  on  the  treatment  of  crude  sewage  in  coke-beds  at 
the  Southern  Outfall  were  conducted  in  three  brick-lined  tanks  with 
brickwork  bottoms,  which  had  been  constructed  for  other  purposes,  but 
which  were  specially  provided  with  suitable  outlets  and  with  means  of 
charging  them  with  raw  sewage  by  means  of  a pump  and  distributing 
troughs.  A series  of  parallel  loose-jointed  stoneware  drainpipes  were 
laid  on  the  bottom  ot  the  tanks,  and  were  connected  with  suitable 
outlets;  this  arrangement  served  to  draw  off  the  effluent. 
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The  following  is  a plan  of  the  tanks  used  in  connection  with  the 
bacterial  or  natural  treatment  of  sewage. 

Two  of  these  tanks  (A.  B)  are  precisely  similar  in  dimensions,  being 
22  feet  G inches  long,  10  feet  8 inches  wide,  and  13  feet  deep,  and  the 
superficial  area  of  each  is  ^-f^rd  of  an  acre.  The  third  tank  (C)  is  of 
less  regular  shape,  but  is  practically  of  the  same  area  as  tanks  A and 
B,  and  is  6 feet  in  depth. 
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The  figures  against  the  inside  of  the  lines  representing  the  sides  of 
the  tank  C indicate  the  depth  of  sludge  referred  to  on  p.  29  (Series  II.). 

The  figures  against  the  outside  of  the  lines  of  the  plan,  indicate  the 
dimensions  of  the  tanks. 

The  pipe  with  the  valves  was  used  in  connection  with  the  experiments 
of  Series  III. 


List  of  experiments  on  the  bacterial  treatment  of  sewage  effluent  and  of 
raiu  sewage  carried  out  at  the  Southern  Outfall  Works  ( Crossness ). 


Date. 

Tank  used. 

Name  of  bed. 

Description  of  experiment. 

22  A pi., 

Tank  B 

The  single  coke-bed 

(Series  I.)  These  experi- 

1898,  to 
22  Feb., 

Tank  C 

The  6-foot  primary  coke- 
bed 

ments  were  carried  out  with 
a view  to  obtaining  inform- 

1899 

Tank  A 

The  6-foot  secondary  coke- 
bed 

ation  as  to  the  best  method  of 
treating  the  sewage  in  coke- 
beds  on  the  south  side  of  the 
Thames. 

27  Feb.. 
1899, to 

28  July, 
1900 

Tank  A 

The  13 -foot  single  coke- 
bed 

(Series  II.)  This  bed  was 
used  for  experiments  with  an 
increased  depth  of  bed  and 
latterly  with  sedimented 
sewage. 

7 Nov., 
1899,  to 
26  May. 
1900* 

Tank  B 

The  4-foot  single  coke-bed 

Used  for  continuous  treat- 
ment of  sewage. 

24  Dec., 
1899,  to 
13  Jan., 
1900 

6 Precipitation 
channels 

Tank  of  280  gallons 
capacity 

This  was  .a  short  experi- 
ment on  the  rapid  sediment- 
ation of  raw  sewage  and  its 
subsequent  treatment  in  a 
small  coke-bed. 

1 Nov., 
1900,  to 

Tank  A 

The  6-foot  single  coke-bed 
No.  2 

(Series  III.)  This  series  of 
experiments  was  carried  out 

5 Oct., 
1901 

Tank  B 

Tank  C 

The  6-foot  single  coke-bed 
No.  1 

Settling  and  “septic”  tank 

for  the  purpose  of  obtaining 
information  on  the  settle- 
ment of  raw  sewage  and  its 
subsequent  treatment  in  coke 
beds. 

\ HI.  I HE  TREATMENT  OF  CRUDE  SEWAGE  IN  SINGLE  AND  IN  DOUBLE 
COKE-BEDS  AT  THE  SOUTHERN  OUTFALL  WORKS  (CROSSNESS). 

Series  I.  ' 


' T*“?  serifs  of  experiments  lasted  from  the  22nd  of  April,  1898,  until 
the  22nd  of  February,  1899. 

One  of  the  tanks  (B)  was  filled  to  a depth  of  4 feet  with  coke  of 
unitorm  size,  each  fragment  being  about  as  large  as  a walnut.  The 
coke  was  drawn  from  the  retorts  of  the  gasworks  at  the  Crossness  Outfall, 
ana  was  found  by  long  soaking  in  water  to  absorb  15  per  cent,  of  its 
0 "ater;  Ihe  coke-bed  had  a sewage  capacity  of  3,000  gallons, 
ic  was  equal  to  50  per  cent,  of  the  volume  occupied  by  the  coke  and 
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air  space;  the  volume  ot  the  coke  and  air  space  amounted  to  960  cubic- 
feet. 

this  coke-bed  is  best  described  as  “the  single  coke-bed,”  since  it 
was  used  for  the  purpose  of  subjecting  the  sewage  to  a single 
treatment  onlv. 

ihe  other  two  tanks  (A,  C,)  were  filled  to  a depth  of  6 feet  with  pre- 
cisely similar  coke,  which  was  obtained  from  the  South  Metropolitan 
Gasworks.  The  sewage  capacity  of  each  of  these  tanks  was  4,500  gallons. 
As  compared  with  the  single  coke-bed,  the  capacity  of  the  beds  wag 
therefore  increased  in  proportion  to  the  increased  volume  of  coke  which 
they  contained. 

Tank  C was  at  a higher  level  than  Tank  A,  and  the  two  coke-beds 
were,  therefore,  easily  rendered  available  for  a process  of  double  treat- 
ment. The  raw  sewage  was  pumped  into  Tank  C,  and  the  effluent  from 
this  tank  was  allowed  to  flow  by  gravitation  into  Tank  A and  there  to 
undergo  a second  treatment. 

In  order  to  avoid  confusion  the  two  tanks,  A and  C,  were  called 
“ the  double  coke-bed,”  and  for  purposes  of  distinction  Tank  C was 
called  the  “primary,”  and  Tank  A the  “ secondary  coke-bed.” 

It  should  be  stated  that  effluent  from  the  primary  coke-bed  was 
passed  through  a small  laboratory  coke-vessel  pending  the  preparation 
of  the  secondary  coke-bed.  This  laboratory  coke-vessel  consisted  of  a 
glass  bottle  of  2'75  gallons  capacity,  which  was  filled  with  small  coke, 
and  which  had  a sewage  capacity  of  1 *25  gallons,  or  about  45  per  cent, 
of  that  of  the  coke  which  it  contained. 

These  beds  were  charged  with  crude  sewage,  which  was  pumped  by 
a special  engine  and  pump  direct  from  the  suction  culvert  of  the  main 
pumping  engines  at  the  Outfall,  and  the  sewage  was  distributed  by 
means  of  a wooden  trough  over  the  surface  of  the  bed. 

The  single  coke-bed  was  first  filled  with  sewage  on  April  22nd,  1898, 
and  from  that  date  until  June  23rd,  1898,  it  was  charged  with  crude 
sewage  twice  daily,  with  the  exception  of  Sundays,  when  it  rested 
entirely,  and  of  Saturdays,  when  it  received  one  filling  only. 

In  consequence  of  this  bed  having  received  two  fillings  daily  before  it 
was  properly  matured,  it  became  foul,  and  was  therefore  unable  to 
deal  with  the  sewage  in  a satisfactory  manner.  It  is  now  known 
that  when  a new  bacteria-bed  is  first  started,  the  work  imposed 
upon  it  must  be  very  slight  until  the  bacteria  in  the  bed  have 
multiplied  sufficiently  to  cover  the  surfaces  of  the  material  ot 
which  the  bed  is  composed.  From  June  23rd,  1898,  this  coke-bed 
rested  for  a fortnight  and  was  afterwards  filled  onlj'  once  a day  until 
the  7th  of  November,  1898;  it  was  then  filled  twice  daily  until  the  end 
of  this  series  of  experiments  on  the  22nd  of  February,  1899.  This  bed 
was  filled  345  times  during  these  experiments,  and  it  dealt  with  about 
862,500  gallons  of  raw  sewage. 

The  process  of  filling  the  single  4-foot  bed  occupied  about  < minutes  ; 
the  bed  was  allowed  to  remain  full  for  3 hours;  it  was  then  discharged 
by  allowing  the  effluent  to  flow  away  from  the  bottom  of  the  bed.  The 
process  of  emptying  occupied  about  an  hour.  AY  hen  the  bed  was  filled 
only  once  a day,  it  was  allowed  to  stand  empty  for  the  remainder 
of  the  24  hours.  When  the  bed  was  filled  twice  daily,  the  series  ot 
processes  was  repeated  every  12  hours. 
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The  construction  of  the  primary  coke-bed  for  the  first  stage  in  the 
double  treatment  of  sewage  was  commenced  on  July  the  12th,  1898,  but 
owing  to  the  difficulty  of  procuring  coke  at  that  time,  it  was  not  com- 
pleted until  the  1st  of  September.  During  the  construction  of  the  bed, 
however,  it  was  frequently  charged  with  crude  sewage  in  order  to  get 
forward  with  the  “ maturing  ” of  the  bed. 

The  secondary  coke-bed  used  for  the  second  contact  in  the  double 
treatment  of  sewage  was  also  “ matured  ” by  frequent  charges  of  sewage 
during  its  construction.  The  bed  was  complete  on  the  21st  of  June, 
1898,  and  from  that  date  until  the  31st  of  August,  1898,  it  was  used  as  a 
single  bed. 

During  that  period  it  received  60  fillings  of  raw  sewage,  and  244,200 
gallons  of  sewage  in  all  were  passed  through  it. 

When  the  primary  coke-bed  was  completed  on  the  1st  of  September, 
1898,  this  bed  was  worked  in  conjunction  with  it  as  a secondary  bed, 
and  it  received  the  effluent  from  the  primary  bed  and  subjected  it  to 
a second  process  of  treatment. 

These  beds  were  filled  219  times  between  the  1st  of  September,  1898, 
and  the  22nd  of  February,  1899. 

The  surface  of  each  working  coke-bed  was  broken  up  to  a depth  of 
several  inches  twice  a week  by  being  raked  over  ; this  kept  the  surface 
open,  and  there  was  no  appearance  of  its  becoming  clogged. 

At  longer  intervals  a hole  extending  from  the  surface  of  the  coke-bed 
to  the  bottom  of  the  tank  was  dug  in  the  coke.  The  whole  of  the  coke 
on  every  occasion  was  found  to  be  perfectly  sweet  when  it  was  thus 
exposed,  and  it  possessed  only  a slight  earthy  odour.  The  surface  of 
the  upper  portion,  to  a depth  of  3 or  4 inches,  was  not  quite  bright, 
but  it  emitted  no  foul  smell. 

1 he  results  of  the  chemical  estimations  of  the  raw  sewage  and  of  the 
effluents  in  connection  with  this  series  of  experiments  will  be  found  on 
pp.  43,  44,  54,  55. 

1 he  sewage  which  was  subjected  to  coke-bed  treatment  varied  much 
in  character  as  judged  by  the  amount  of  suspended  matter  and  of 
dissolved  oxidisable  matter  which  it  contained.  The  effluent  derived 
from  this  sewage  appeared  as  a rule  to  vary  in  quality  with  the  sewage 
from  which  it  was  produced. 

It  will  be  understood  that  the  results  deal  only  with  the  dissolved 
oxidisable  matter  in  the  sewage  and  in  the  effluent.  The  solid 
suspended  matters  of  the  sewage  wholly  disappeared  in  the  coke-bed, 
and  were  therefore  not  taken  into  account. 

It  appeal  n,  however,  very  probable  that  the  purification  of  the  raw 
sewage  is  most  complete  when  the  sewage  is  in  a fairly  dilute  and 
fresh  condition.  The  least  satisfactory  results  in  this  series  of  ex- 
periments were  obtained  during  the  hot  dry  weather  of  the  summer 
when  the  sewage  arrived  at  Crossness  in  a less  dilute  condition,  owing 
to  the  absence  ot  rain,  and  in  an  offensive  and  putrescent  condition 
owing  to  the  high  temperature  of  the  air.  Even  when  the  sewage  was 
poured  upon  the  coke-beds  in  this  offensive  condition,  the  effluent  from 
the  beds  was  not  offensive  in  character,  and  it  did  not  become  offensive 
when  it  was  kept.  It  differed  from  better  effluents  only  by  containing 
a larger  amount  of  dissolved  oxidisable  matter. 
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1 he  relative  amounts  of  dissolved  putrescible  matter  in  the  sewagv 
m the  chemical  diluent,  in  the  coke-bed  effluent,  and  in  the  water  of  the 
river  Ihames,  as  measured  from  May  9th,  1898,  to  February  22nd,  1899, 
by  the  amount  of  oxygen  which  the  daily  samples  absorbed  from 
permanganate,  are  shown  in  the  following  table. 

The  percentage  purification  effected  by  the  coke-beds  has  been  calcu- 
lated from  sets  of  figures  which  correspond  as  to  date,  and  not  from  the 
averages  given  below,  which  have  been  derived  from  estimations  made 
on  all  the  samples  of  the  sewage  and  of  the  coke-bed  effluents  during 
the  course  of  the  experiments. 


Table  VI. 


Nature  of  liquid. 

Average  amount  of 
oxygen  absorbed  from 
permanganate  in  4 hours 
at  80°  Fahr. 

Percentage  purifi  - 
cation  calculated 
on  raw  sewage. 

Raw  sewage  ... 

5199 

5-273 

Chemical  effluent ... 

4-288 

17-6 

Coke- bed  effluent  (single  treatment)  ... 

2-498 

j 

52-2 

Coke-bed  effluent  (double  treatment) 

— 

1-626 

68-4 

River  water,  high  water 

— 



0-496 

River  water,  low  water 

— 

— 

0-629 

— 

A comparison  of  these  numbers  with  one  another  shows  that  by 
substituting  a single  coke  treatment  for  chemical  treatment,  the 
effluent  sewage  discharged  into  the  river  would  be  completelv  free 
from  suspended  impurity,  and  would  possess  a purity,  as  regards 
dissolved  putrescible  matter,  of  52-2  as  compared  with  17‘6  in  the 
present  effluent,  representing  an  improvement  of  66'3  per  cent.  If 
discharged  after  double  treatment  in  the  coke-beds  the  percentage  of 
improvement  on  the  chemical  effluent  would  be  74-3.  The  bacterial 
action  continuing  in  the  river  would  rapidly  bring  the  purity  of  such  a 
liquid  into  a condition  equalling  that  of  the  river  water  itself. 

IX.  The  treatment  of  crude  settled  sewage  in  a coke-bed 

THIRTEEN  FEET  DEEP  ; THE  RAPID  SEDIMENTATION  AND  SUBSE- 
QUENT BACTERIAL  TREATMENT  OF  CRUDE  SEWAGE:  AND  THE 

TREATMENT  OF  SETTLED  SEWAGE  IN  A FOUR-FOOT  COKE-BED 
BY  THE  CONTINUOUS  METHOD  OF  FEEDING,  AT  THE  SOUTHERN 

Outfall  Works  (Crossness).  Series  II. 

This  second  series  of  experiments  at  the  Southern  Outfall  Works 
extended  from  the  27th  of  February,  1899,  until  the  2Sth  of  July,  1900. 
The  experiments  consisted  of  the  treatment  of  crude  sewage  and  after- 
wards of  settled  sewage  in  a coke-bed  13  feet  deep ; and  of  the 
treatment  of  crude  sewage  continuously  supplied  to  a coke-bed  4 feet 
deep. 

Tank  A was  used  for  the  13-foot  coke-bed ; this  had  been  used 
in  the  previous  series  of  experiments  as  the  C-foot  secondary  bed. 

On  February  28th,  1899,  the  first  addition  was  made  to  the  6-foot  bed, 
and  its  depth  was  increased  to  7 feet  5 inches,  but  the  full  depth  of 
13  feet  was  not  attained  until  April  11th,  1899.  The  bed  was, 
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however,  worked  while  it  was  being  deepened,  so  as  to  “ mature  the 
new  coke  as  rapidly  as  possible. 

The  history  of  the  bed  may  be  divided  into  three  periods — 

i.  The  bed  received  crude  unsettled  sewage  between 
February  27th,  1899,  and  October  9th,  1899.  It  was  filled  once 
a day  from  February  27th  to  March  25th,  1899,  and  generally 
twice  a day  from  March  27th  to  October  9th,  1899,  except  on 
Saturdays,  when  it  received  only  one  filling,  and  on  Sundays, 
when  it  rested  entirely. 

Its  capacity  diminished  rapidly,  as  is  shown  by  the  following 
figures — 

March  9th,  1899,  capacity  7,900  gallons,  or  4-1  per  cent, 
of  the  empty  tank  capacity ; 

June  8th,  1899,  capacity  6,670  gallons,  or  34  per  cent,  of 
the  empty  tank  capacity  ; 

October  10th,  1899,  capacity  5,530  gallons,  or  28  per  cent, 
of  the  empty  tank  capacity. 


ii.  The  bed  received  very  roughly  sedimented  sewage  between 
October  13th,  1899,  and  April  5th,  1900,  and  was  filled  twice  a 
day  until  December  22nd,  1899,  and  then  three  times  a day  until 
April  5th,  1900. 

In  consequence  of  the  loss  of  capacity  suffered  by  the  bed  when 
it  was  fed  with  crude  sewage  (Period  I.),  it  was  decided  to  allow 
the  crude  sewage  to  settle  before  it  reached  the  bed.  This  was 
effected  by  pumping  it  into  a large  wooden  tank  placed  on  the 
lop  of  the  bed  ; the  overflow  from  this  tank  passed  on  to  the  bed. 

The  capacity  of  the  bed  on  January  12th,  1900,  was  6,000 
gallons,  or  31  per  cent,  of  the  empty  tank  capacity.  The  bed 
had  been  resting  from  December  22nd,  1899. 


iii.  I he  bed  received  sedimented  sewage  between  May  3rd  and 
July  28th,  1900,  and  it  was  filled  generally  four  times  a day. 

I he  process  of  sedimentation  consisted  in  allowing  the  crude 
sewage  to  flow  through  a tank  on  its  way  to  the  coke-bed. 
It  entered  this  tank  through  a broad  pipe,  which  descended 
nearly  to  the  bottom,  and  was  drawn  off  by  a pipe,  the  end  of 
which  was  immersed  below  the  surface  of  the  liquid.  The  passage 
through  the  tank  occupied  about  five  hours. 

The  capacity  of  the  coke-bed  on  June  16th,  1900,  was  6,000 
gallons,  after  resting  from  April  5th  to  May  2nd,  1900,  and  on 
October  8th,  1900,  it  was  6,290  gallons,  after  resting  from 
July  28th,  1900.  b 

In  consequence  of  the  bed  having  been  altered  before  this  last 
measurement  was  taken,  its  capacity  was  calculated  on  a 
measurement  of  only  the  lower  6 feet  of  the  bed. 


le  process  of  filling  this  bed  occupied  from  20  to  25  minutes;  it 
Va.3  *1  j ed  to  remain  full  for  two  hours,  and  the  process  of  emptying 
extended  over  from  one  hour  to  one  hour  and  a half.  The  number  of 
ours  urmg  which  the  bed  rested  between  the  successive  emptyings 
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and  fillings  varied  according  to  the  number  of  times  it  was  filled  during 
the  24  hours.  When  the  number  of  fillings  per  day  did  not  exceed  two, 
the  fillings  were  made  during  the  daytime,  but  when  the  number  of 
fillings  exceeded  two,  they  were  distributed  evenly  over  the  whole 
24  hours. 

The  bed  was  charged  once  only  on  Saturdays  and  remained  empty  on 
Sundays  and  on  holidays.  The  other  rests  were  due  either  to  accidents 
occurring  to  the  driving  belt  or  to  the  pump,  or  to  the  necessity  arising 
for  making  alterations  in  the  arrangements  or  for  making  capacity 
determinations  of  the  bed. 

Taking  the  average  sewage  capacity  of  the  bed  as  being  equal  to 
6,000  gallons,  the  quantity  of  sewage  dealt  with  per  acre  per  day  would 
be,  for  one  filling,  1,089,000  gallons  ; for  two  fillings,  2,178,000  gallons : 
and  for  three  fillings,  3,267,000  gallons. 

In  the  table  on  pp.  54  and  55  are  set  forth  the  averages  of  the  chemical 
examination  of  the  crude  sewage  as  supplied  to  the  bed  and  of  the  effluent 
from  the  bed  for  each  of  the  periods  mentioned  above. 

Throughout  the  period  during  which  the  coke-bed  was  filled  four 
times  a day,  the  effluent  from  it  was  clear  and  free  from  odour. 

In  order  to  ascertain  whether  the  surface  of  the  fragments  of  coke 
became  fully  aerated  throughout  the  bed  between  the  successive 
chargings  with  raw  sewage,  two  vertical  pipes  were  inserted  into  the 
bed  reaching  to  the  depths  of  6 feet  and  13  feet  respectively.  After 
the  sewage  had  flowed  away  from  the  bed,  samples  of  air  were  drawn  oft' 
from  the  interspaces  between  the  coke  fragments  at  stated  intervals, 
and  the  percentage  proportions  of  oxygen  and  carbonic  acid  were 
estimated  in  this  air.  The  results,  which  in  the  case  of  the  13-foot, 
depth  were  only  of  a preliminary  character,  indicated  that  even  after  the 
air  had  been  in  contact  with  the  lower  strata  of  the  coke  for  70  hours, 
the  air  still  contained  an  average  of  about  75  per  cent,  of  its  original 
oxygen,  and  the  average  amount  of  carbonic  acid  did  not  exceed  3 per 
cent.,  as  is  indicated  by  the  tabulated  results  below. 

This  evidently  represents  an  entirely  satisfactory  condition  of  aeration 
of  the  coke  surfaces. 

A more  detailed  statement  of  the  I’esults  of  analysis  of  the  interstitial 
air  is  given  in  the  following  table  : — 


Table  VII. 


Six-foot  depth. 

Thirteen-foot  depth. 

Number  of  hours 
since  sewage 
drained  off. 

] Percentage 
of  oxygen 
in  the  air  from 
the  bed. 

Percentage 
of  carbonic  acid 
in  tho  air  from 
the  bed. 

Number  ot  hours 
since  sewage 
drained  off. 

Percentage 
of  oxygen 
in  the  air  from 
the  bed. 

Percentage  of 
carbonic  add 
in  the  air 
from  the  bed. 

4 

10-8 

0'4 

22 

18-4 

1'4 

21 

<>•8 

6-8 

26'7") 

140 

3'8 

24-5 

too 

fi-0 

50'75 

14-8 

3'0 

37 

17-8 

2 0 

51-25 

16  3 

3'3 

4 O'.') 

16-8 

2-4 

70 

14  7 

0-8 

The  results  prove  that,  even  in  the  case  ot  the  deep  13-foot  bed,  the 
air  at  the  lower  part  of  the  bed  was  not  seriously  deficient  in  oxygen. 
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On  June  20th,  1900,  the  depth  of  the  sludge  in  the  brick  tank 
from  which  the  13-foot  coke-bed  was  tilled  varied  between  2$  inches  at 
the  inlet  to  the  tank,  and  inches  at  the  further  end  of  the  tank.  The 
depth  of  the  sludge  was  4f  inches  at  the  outlet  from  the  tank  to  the 
coke-bed;  this  outlet  was  at  about  two-thirds  of  the  distance  from  the 
inlet  to  the  further  end.  The  depth  of  the  sludge  in  this  tank  at 
various  points  is  indicated  in  the  plan  on  page  22. 

The  average  percentage  of  organic  matter  in  the  dried  sludge  from 
the  tank  was  35'8. 

During  three  weeks,  between  December  24th,  1899,  and  January 
13th,  1900,  the  coke-bed  experiments  in  progress  at  the  Southern 
Outfall  Works  at  Crossness  were  stopped  in  order  to  carry  out  a large 
scale  experiment  on  the  rapid  sedimentation  of  the  whole  of  the  crude 
sewage  received  from  South  London  and  the  subsequent  treatment  of  a 
small  portion  of  the  sedimented  sewage  in  a coke-bed.  The  sewage 
received  at  this  Outfall  underwent  sedimentation  in  six  settling 
channels,  but  was  not  treated  with  chemicals  during  the  three  weeks. 
It  was  allowed  to  flow  more  rapidly  than  usual  through  six  channels, 
the  rate  of  flow  averaging  7 ‘4  feet  per  minute,  whilst  the  usual  rate  of 
flow  of  the  chemically-treated  sewage  is  l-5  feet  per  minute. 

Four  of  the  channels  had  each  a capacity  of  6,000,000  gallons  and 
two  a capacity  of  3,000,000  gallons  each.  Each  channel  was  581  feet 
in  length. 

A portion  of  this  rapidly  sedimented  sewage  was  afterwards  treated  in 
a small  coke-bed  contained  in  a tank  of  280  gallons  capacity.  The  bed 
was  filled  three  times  a day.  Its  capacity  remained  constant  during 
the  experiments,  and  the  bed  suffered  in  no  way  from  choking. 

In  the  table  on  pp.  54-5  the  average  results  of  the  chemical  examination 
of  the  raw  sewage,  of  the  settled  sewage,  and  of  the  coke-bed  effluent, 
are  given,  together  with  the  percentage  of  purification  effected. 

This  experiment  showed  that  rapidly  settled  sewage  could  be  dealt 
with  in  coke-beds  without  reducing  their  capacity,  and  that  this  treat- 
ment yielded  a satisfactory  effluent.  The  period  over  which  this 
experiment  extended  was  too  short  to  admit  of  “ septic”  action  being  set 
up  in  the  settling  channels  ; but  it  seems  reasonable  to  anticipate  that 
it  the  rapid  sedimentation  were  accompanied  by  “ septic  ” action,  a still 
greater  amount  of  purification  would  be  effected. 

From  November  7th,  1899,  to  May  26th,  1900,  experiments  were 
carried  out  on  the  continuous  feeding  of  a coke-bed  with  settled  sewage 
supplied  through  a distributor.  For  this  purpose  the  4-foot  single 
bed  in  Tank  B was  used,  and  various  methods  of  continuously  feeding 
the  bed  with  settled  sewage  were  .adopted. 

A decided  decrease  in  the  amount  of  purification  of  the  settled  raw 
sewage  was  apparent  when  a quantity  of  sewage  equal  to  that  dealt  with 
on  the  intermittent  principle  was  passed  continuously  through  the  bed. 
4 his  decrease  was  probably  due  to — 

(a)  The  overcharging  of  the  bed  with  sewage. 

{!>)  I he  reduction  of  the  bacterial  action  owing  to  the  chillino-  of 
the  sewage  by  contact  with  the  cold  air  during  the  winter  time. 

It  appears  desirable  that  the  temperature  of  sewage  should  not  fall 
ielow  53 J Fahr.  if  the  bacteria  are  to  rapidly  carry  on  their  purifying 
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action.  This  temperature  is  always  exceeded  when  the  sewage  is 
supplied  to  the  bed  on  the  intermittent  system. 

The  continuous  feeding  of  the  bed  further  appeared  at  times  to  have 
the  effect  of  washing  the  useful  deposit  from  the  surfaces  of  the  coke 
fragments. 

The  various  methods  of  continuous  feeding  adopted  during  thesc 
experiment-s  did  not  effect  a satisfactory  purification,  and  they  did  not 
deal  with  the  sewage  as  rapidly  as  it  was  dealt  with  by  the  intermittent 
treatment. 

X.  The  treatment  of  crude  sewage  by  continuous  passage  through 

A SETTLING  TANK  AND  BY  SUBSEQUENT  INTERMITTENT  PASSAGE 

THROUGH  COKE-BEDS  AT  THE  SOUTHERN  OUTFALL  WORKS 

(Crossness).  Series  III. 

The  last  series  of  experiments  on  the  bacterial  or  natural  treatment 
of  crude  sewage  at  the  Southern  Outfall  Works  (Crossness)  were  com- 
menced on  the  1st  of  November,  1900. 

They  were  undertaken  with  the  view  of  supplementing  the  results 
obtained  from  the  rough  experiments  (Series  II.)  on  the  “ septic  " treat- 
ment of  sewage,  which  had  lasted  from  May  3rd  to  July  28th . 1900. 

The  experiments  were  carried  out  in  the  three  brick  tanks  used  in 
connection  with  the  experiments  of  Series  I.  and  II. 

Tank  C,  which  had  been  previously  used  as  a 6-foot  primary  coke-bed 
(Series  I.),  had  been  emptied  of  the  coke  and  had  been  used  as  a settling 
and  “ septic”  tank  for  the  crude  sewage  before  it  underwent  treatment 
in  the  coke-bed  during  the  later  experiments  of  Series  II.  After  the 
sludge  has  been  removed  it  was  again  used  as  a settling  or  “ septic  " 
tank  during  Series  III.  of  the  experiments.  Tank  B,  which  had  been 
used  as  a 4-foot  single  coke-bed,  was  increased  in  depth  to  6 feet 
with  coke  fragments  which  passed  through  a 2-inch  mesh  and  which 
were  rejected  by  a 1-inch  mesh.  This  bed  was  called  the  “6-foot 
single  bed  No.  1.”  Tank  A was  filled  to  a depth  of  6 feet  with  coke 
fragments  similar  in  size  to  those  forming  bed  No.  1.  This  bed 
was  called  “ the  6-foot  single  bed  No.  2.”  It  had  previously  contained 
13  feet  of  coke,  and  the  6-foot  bed  was  formed  by  removing  sufficient 
coke  to  leave  a bed  of  6 feet  in  depth. 

Both  beds  were  underdrained  with  loosely  jointed  earthenware  agri- 
cultural drain-pipes. 

The  capacity  of  the  septic  tank  was  9,000  gallons,  but  the  actual 
quantity  of  liquid  in  the  tank  varied  somewhat  during  the  working. 

For  the  purpose  of  measuring  the  quantity  of  sewage  which  was 
supplied  to  the  settling  and  septic  tank,  a meter  was  fixed  to 
the  delivery  pipe  which  conveyed  the  crude  sewage  to  the  “septic” 
tank. 

From  the  settling  tank  an  outlet-pipe  conveyed  the  settled  sewage  to 
either  No.  1 or  No.  2 coke-bed,  or  when  the  coke-beds  were  not  being 
filled,  to  the  main  effluent  discharge  culvert. 

At  first  the  settled  sewage  was  supplied  to  the  beds  by  allowing  it  to 
overflow  from  wooden  troughs,  but  this  method  was  afterwards  replaced 
by  one  in  which  the  liquid  fell  from  the  distributing  pipes  into 
perforated  wooden  trays  placed  upon  the  surface  of  the  beds. 
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The  filling  of  each  bed  occupied  about  half  an  hour ; the  bed  remained 
full  for  two  hours  and  occupied  one  hour  in  emptying.  The  resting 
period  varied  with  the  number  of  fillings  per  24  hours. 

The  crude  sewage  samples  for  analysis  were  taken  at  the  inlet  to  the 
tank,  and  the  settled  sewage  samples  were  taken  at  the  outlet. 

The  arrangement  of  the  tanks  is  shown  in  the  diagram  on  page  22. 
It  should,  however,  be  borne  in  mind  that  the  bottom  of  Tank  0 was  on 
the  same  level  as  the  top  of  Tanks  A and  B. 

At  first  both  the  beds  were  filled  with  settled  sewage  four  times  a 
day,  but  about  the  middle  of  January,  1901,  No.  1 bed  was  worked  on 
the  continuous  supply  principle  for  one  week,  and  then  both  the  beds 
were  thrown  out  of  work  until  April  the  15th,  1901.  This  rest  was 
necessitated  at  first  on  account  of  lime  water  from  the  chemical  treatment 
of  the  sewage  at  this  Outfall  having  gained  access  to  the  beds,  and 
afterwards  by  the  choking  of  the  suction  pipe  of  the  pump  supplying 
the  settling  tank  with  the  crude  sewage.  Owing  to  a change  in  the 
pumping  arrangements  which  was  made  in  March,  1901 , it  was  impossible 
to  give  the  settling  tank  a continuous  supply  of  sewage,  and  it  was  also 
impossible  to  always  fill  the  beds  four  times  each  day. 

The  other  days  during  the  specified  period,  on  which  the  coke-beds 
were  not  filled,  were  either  Sundays,  when  they  never  were  in  use ; 
Saturdays,  when  the  height  of  the  sewage  in  the  main  was  not 
sufficient  during  the  morning  to  work  the  pump  ; public  holidays  and 
the  first  week  in  August,  which  latter  was  fixed  as  the  time  for  the 
annual  holiday  of  the  coke-bed  samplers. 

The  original  capacity  of  the  wet  coke-beds  was  not  estimated,  since  in 
the  case  of  both  beds  the  coke  had  been  previously  in  use,  but  after  the 
experiments  of  Series  II.  had  been  discontinued  for  about  10  weeks 
and  the  coke  had  been  reduced  in  depth  from  ] 3 to  6 feet,  the  capacity 
of  the  bed  was  measured  and  found  to  be  2,900  gallons,  or  32-2  per 
cent,  of  the  total  capacity  of  that  portion  of  the  tank  (measured  when 
empty)  which  contained  the  coke-bed. 

'The  following  table  indicates  the  results  of  the  measurements  of  the 
capacity  of  the  beds  made  at  various  times. 
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The  first,  five  sets  of  figures  in  the  fourth  column  of  the  above  table 
represent  the  measurements  made  while  the  beds  were  receiving 
four  fillings  per  day.  During  the  period  covered  by  the  last  five  sets  of 
figures,  the  beds  were  being  filled  as  many  times  during  the  day  as 
circumstances  permitted,  but  never  more  than  four  times.  The  average 
number  of  times  the  beds  were  fdled  per  day  during  this  latter  period 
was  about  2'5.  On  the  7th  of  March,  1901,  when  the  capacity  of  bed 
No.  2 had  increased  by  500  gallons,  it  had  been  resting  for  seven  weeks. 
It  will,  however,  be  observed  that  the  decrease  in  capacity  after  that 
date  was  not  as  sudden  as  during  the  first  three  months.  This 
difference  is  accounted  for  by  the  decreased  number  of  fillings  per  dav 
which  the  bed  had  received. 

The  ease  with  which  the  capacity  of  the  coke-bed  No.  2 was  increased 
by  a short  rest  suggests  that  its  loss  of  capacity  was  mainly  due  to 
accumulated  organic  or  putrescible  matter  in  the  bed ; this  would,  no 
doubt,  be  largely  avoided  by  more  perfect  previous  sedimentation  of  the 
sewage  and  by  more  energetic  “ septic  ” action,  both  of  which  conditions 
would  be  fulfilled  when  larger  settling  channels  were  used. 

During  the  passage  of  the  crude  sewage  through  the  “ septic  ” tank,  a 
small  proportion  of  the  solid  organic  matter  was  liquefied  by  bacterial 
action,  but  the  action  was  not  as  great  as  was  expected.  On  the  18th  of 
January,  1901,  the  tank  was  roughly  covered  over,  and  by  the  28th  of 
January  a thick  scum  about  an  inch  in  thickness  had  formed  on  the 
top  of  the  liquid ; this  scum  continued  to  increase  in  thickness  and 
toughness.  The  bacterial  action  appeared  also  to  have  increased,  since 
gas  was  evolved  in  larger  quantity  ; but  the  solution  of  organic  matter 
was  not  more  marked  than  before  the  cover  was  placed  over  the  tank. 

Comparing  the  results  produced  by  bacterial  action  in  the  settling 
tank  during  periods  when  its  surface  was  protected  by  scum,  with 
periods  when  the  scum  was  absent,  it  was  found  that  the  liquefying 
effect  produced  by  the  bacteria  on  the  sludge  proceeded  as  satisfactorily 
in  the  absence  as  in  the  presence  of  the  scum. 

The  solution  of  organic  matter  continued,  but  on  February  27th, 
1901,  the  pump  feeding  the  septic  tank  became  choked  with  sludge, 
owing  to  the  stoppage  of  the  main  pumps  at  the  east  end  of  the  engine 
house  for  alterations,  and  the  experimental  work  had  to  be  stopped. 
The  pipe  in  connection  with  the  pump  which  took  the  sewage  from  the 
main  sewers  at  the  Outfall  Works  was,  therefore,  shortened  by  about 
5 feet,  in  order  to  prevent  choking  in  the  future,  and  as  a consequence 
of  this  shortening  of  the  pipe,  the  end  of  it  was  otten  above  the  level  of 
the  sewage  in  the  mains.  It  was,  therefore,  only  when  the  level  of  the 
sewage  rose  to  a certain  height  that  the  feed  pipe  of  the  pump  was  in 
the  liquid,  and  that  the  pump  could  be  used  for  filling  the  “ septic  ” t ank. 
'The  alterations  in  the  pumping  arrangements  consequently  prevented  the 
“septic”  tank  from  receiving  in  future  a continuous  feed  of  crude  sewage. 

On  February  27th,  1901,  the  scum  on  the  top  of  the  liquid  in  the 
“ septic  ” tank  had  entirely  disappeared. 

On  March  28th,  1901.  an  examination  of  the  “septic  ’tank  was  made, 
when  it  was  found  that  25’6  per  cent,  of  the  sediment  or  sludge  had 
been  liquefied  by  bacterial  action.  During  the  whole  period  that  the 
tank  had  been  in  action,  4-1  *2  per  cent,  of  the  sludge  disappeared.  The 
great  difference  in  the  percentage  reduction  of  sludge  in  the  tank  during 
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the  period  from  November  1st,  1900,  to  March  28th,  1901,  and  the  period 
from  November  1st,  1900,  to  October  5th,  1901,  is  probably  due  to— 

(a)  The  efficiency  of  the  “ septic  ” tank  increasing  with  the 
length  of  time  during  which  it  had  been  in  use,  since  the  sludge 
was  not  cleared  out  of  the  tank  at  the  end  of  the  first  period. 

(b)  The  fact  that  during  the  first  period  the  sewage  was 
supplied  to  the  tank:  almost  uninterruptedly,  whereas  during  the 
period  March  29th,  1901,  to  October  5th,  1901,  the  sewage  supply 
to  the  “ septic  ” tank  was  by  no  means  continuous,  owing  to 
alterations  in  the  pumping  arrangements. 


The  weekly  average  quantities  of  crude  sewage  which  passed  through 
the  “ sepric  ” tank  were — 


From  November  1st,  1900,')  irM  Q1»7  „ , 
to  March  28th,  1901  /lo1’817  «al- 

From  March  29th,  1901,  to~)  n0  ons 
October  5th,  1901  j ” 


or  21,969  gal.  per  day. 


14,983  „ 


))  >> 


The  solid  matter  deposited  in  the  “septic”  tank  consisted  of— - 

(a)  Mineral  Matter,  principally  sand,  grit  and  mineral  road 
detritus,  which  are  not  affected  by  the  “ septic  ” action,  and  which 
could  be  separated  from  the  other  deposited  solids  to  a great 
extent  by  previous  sedimentation. 

( b ) Organic  matter,  comprising,  in  addition  to  faecal  matter, 
husks  of  cereals,  chips  of  wood,  paper,  etc.,  which  latter  are  only 
acted  upon  by  the  bacteria  in  the  “ septic  ” tank  with  extreme 
slowness. 

A much  more  accurate  idea  of  the  action  which  occurred  in  the  “septic” 
tank  is  obtainable,  therefore,  when  the  reduction  of  the  solid  matter  is 
calculated  as  a percentage  of  the  total  solid  organic  matter  deposited  in 
the  tank. 

The  figure  thus  obtained  is  71 '4  per  cent,  for  the  whole  period  from 
the  1st  of  November,  1900,  to  the  5th  of  October,  1901. 

The  usual  method  of  working  the  “septic”  tank  was  to  allow  a unit 
volume  of  sewage  about  six  hours  to  pass  through  the  tank.  This  was 
equal  to  the  average  time  which  a unit  volume  of  sewage  takes  to 
pass  through  the  large  settling  channels  in  the  chemical  and  sedimen- 
tation process. 

During  these  experiments  daily  analyses  were  made  of  the  crude 
sewage  as  it  flowed  into  the  settling  tank,  of  the  settled  sewage  as  it 
flowed  from  the  settling  tank  upon  the  coke-beds,  and  of  the  effluents 
from  the  coke-beds.  Tn  the  table  on  pp.  56  and  57  the  average  results 
of  these  estimations  are  set  forth. 

No  estimations  were  made  of  the  suspended  matters  in  the  effluents 
from  the  coke-beds,  as  more  often  than  not  the  quantity  was  too  small 
for  the  purpose. 


XI.  Conclusions  arrived  at  uy  the  experimental  treatment. 

rlhe  points  which  have  been  established  by  the  experimental  work  ar« 
the  following : — 

1.  That  by  suitable  continuous  undisturbed  sedimentation  the 
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raw  sewage  is  deprived  of  matter  which  would  choke  the  coke-beds, 
and  the  sludge  which  settles  out  is  reduced  in  amount  by  bacterial 
action  to  a very  considerable  extent.  This  reduction  might  un- 
doubtedly be  increased  by  the  preliminary  removal  of  road  detritus. 

2.  That  the  coke-beds,  after  they  have  developed  their  full 
purifying  power  by  use,  have  an  average  sewage  capacity  of  about 
30  per  cent,  of  the  whole  space  which  has  been  filled  with  coke. 

3.  That  the  sewage  capacity  of  the  coke-bed,  when  the  bed  is  fed 
with  settled  sewage,  fluctuates  slightly,  but  undergoes  no  per- 
manent reduction.  The  bed  does  not  choke,  and  its  purifying 
power  undergoes  steady  improvement  for  some  time. 

4.  That  coke  of  suitable  quality  does  not  disintegrate  during  use. 

5.  That  the  “ bacterial  effluent  ” of  settled  sewage  from  the  coke- 
beds  does  not  undergo  offensive  putrefaction  at  all  even  in  summer 
heat,  and  can  never  beoome  offensive,  That  this  effluent  satis- 
factorily supports  the  respiration  of  fish. 

6.  That  the  use  of  chemicals  is  quite  unnecessary  under  any 
circumstances  when  the  above  method  of  treatment  is  adopted, 


XII.  Tabulation  of  the  results  of  the  chemical  examina- 
tion OF  THE  CRUDE  SEWAGE,  OF  THE  SETTLED  SEWAGE,  AND  OK 
THE  EFFLUENTS  AT  THE  OUTFALL  WORKS. 

For  the  purpose  of  comparing  the  results  of  the  experiments  on 
the  treatment  of  crude  sewage,  detailed  in  the  foregoing  sections, 
the  following  tables  will  be  found  useful.  The  results  of  the 
estimation  of  the  raw  sewage  and  of  the  final  effluent  in  respect  of  each 
experiment  are  set  forth  in  tables  IX.  to  XVII.  Each  table  of 
this  group  consists  of  one  week’s  results  of  the  estimations  made 
during  the  various  experiments.  These  figures  are  typical,  and  the 
week  chosen  was  generally  one  as  near  the  end  of  the  experiment 
as  possible,  after  the  beds  had  been  uninterruptedly  in  use  for  a 
series  of  three  or  four  weeks,  in  some  cases  longer.  In  addition 
to  one  week’s  results,  each  table  also  includes  the  maximum  and  the 
minimum  results  of  each  of  the  various  estimations  recorded. 
In  order  that  these  figures  may  be  more  readily  seen,  the  maximum 
results  have  been  printed  in  type  thicker  than  usual,  and  the 
minimum  in  italic  type.  In  some  instances  the  maximum  or  the. 
minimum  estimation  was  recorded  more  than  once,  but  in  such  cases 
only  one  day’s  estimations  are  given  unless  the  figures  were  the  same  on 
only  two  days,  when  both  are  given.  It  is  more  particularly  in  respect 
of  the  minimum  of  the  nitrous  or  nitric  nitrogen  that  repetition  occurs, 
and  owing  to  the  minimum  generally  being  “ nil  ” and  to  its  frequent 
occurrence,  it  appears  in  the  tables  several  times,  that  is  on  days  when 
the  maximum  or  minimum  of  other  estimations  are  recorded. 

In  the  table  “ The  rapid  settlement  of  raw  sewage,”  &c.,  on  p.  47, 
a slight  deviation  from  the  general  form  of  the  first  group  of  tables  has 
been  made.  This  was  considered  necessary  since  the  experiment  was 
conducted  more  particularly  with  a view  to  gaining  information  respect- 
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ing  the  rapid  settlement  of  raw  sewage  in  the  channels  used  at  Crossness 
in  connection  with  the  chemical  treatment  and  precipitation. 

In  the  last  table  but  one,  on  pp.  4-8-9,  it  has  been  necessary  to  indicate 
in  columns  2 and  3 the  maximum  and  minimum  results  for  the  sewage 
which  refer  to  bed  No.  1,  and  another  maximum  and  minimum  in  those 
columns  which  refer  to  bed  No.  2. 

In  the  table  XVIII.,  pp.  50  to  57,  the  averages  of  the  various  estimations 
in  each  experiment  are  given,  together  with  the  percentage  purification 
effected  by  each  individual  tank  or  bed  on  the  liquid  with  which 
it  dealt,  and  the  percentage  of  purification  effected  by  the  whole 
process  on  the  raw  sewage.  The  percentage  purification  is  calculated 
from  the  amount  of  oxygen  absorbed  by  the  total  putrescible  matter 
and  by  the  dissolved  putrescible  matter  in  the  various  liquids.  Similar 
figures  relating  to  the  chemical  treatment  of  the  sewage  at  each  Outfall 
Works  are  added  for  the  purpose  of  comparison. 

In  the  following  tables  all  quantities,  except  where  otherwise  stated, 
are  expressed  in  parts  per  100,000.  To  convert  parts  per  100,000  into 
grains  per  gallon,  multiply  by  0-7 ; to  convert  grains  per  gallon  into 
parts  per  100,000,  multiply  by 
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1 able  IX. — Typical,  maximum  and  minimum  results  of  the  estima- 
4 hours  at  80  L ahrcnheit  by  the  total  puhrescible  matter  a/nd  by 
present  in  the  sewage  and,  in  the  effluents  Jr  c/m  the  vwri/ius 

NORTHERN  OUTFALL. 
The  treatment  of  raw  sewage  in  two  successive  coke-beds  (coarse  and 
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14-286 

6-286 

0-0800 

0-1727 

3-000 

2"57l 

.,  80 

21-429 

6-714 

o-iooo 

01446 

3-000 

2"857 

1899 
Jan.  2 

1 

10-000 

5*143 

o-iooo 

0-2420 

1S57 

1-857 

Two  fillings  of 


1899 
Mar.  20 

6-161 

nil 

0-2017 

2(161 

» 21 

*73 

CJ 

6-604 

nil 

0"5250 

a 

2-830 

>.  22 

c 

6-604 

nil 

0-4009 

o «5 

3-234 

„ 23 

St  S 

5-796 

nil 

0-1759 

fc.§ 

2-291 

„ 24 
25 

QJ 

to 

O) 

6-334 

5'796 

nil 

nil 

0*2036 

0-2017 

6 

03 

O 

2-696 

3100 

Jan.  11 

cS 

a 

27143 

6-000 

nil 

0-1571 

B 

3-857 

2'857 

» 12 

18-571 

4 429 

trace 

0-0  $.39 

4571 

2 429 

„ H 

CO 

a> 

11-429 

3-571 

nil 

0-0670 

QJ 

2-714 

2143 

„ 16 

o 

10  000 

4 143 

01500 

nil 

O 

2-2S6 

1-420 

„ 17 

St 

11-429 

4-286 

00300 

nil 

2-429 

2-000 

25 

5*940 

trace 

0-0544 

2-829 

Feb.  9 

a 

4-429 

nil 

11170 

2-143 

Mar.  1 

6143 

nil 

0-0660 

o 

2"57 1 

29 

7 413 

nil 

0-0964 

■*£  eg 

o 2 

2-426 

April  5 
6 

5§| 

1© 

a> 

7-277 

6-796 

nil 

nil 

0-2134 

01071 

fcjs 

B 

5 

3 009 

3-639 

tions  of  suspended  solids,  of  oxygen  absorbed  from  permanganate  in 
the  dissolved  putrescible  matter,  and  of  the  nitrous  and  nitric  nitrogen 
baderia-beds  at  the  Outfall  Works  of  the  London  County  Council. 


SERIES  I. 


fine)  and  in  two  successive  Kentish  ragstone-beds  (coarse  and  fine), 
the  beds  per  day. 


bed  Effluent. 

Final  Coke-bed  Effluent. 

Oxygen  absorbed  by 

Nitrous 

Nitric 

Suspended 

the  crude 

the  clear 

Nitrous 

Nitric 

Nitrogen. 

Nitrogen. 

solids. 

liquid 

(total 

putrescible 
matter) . 

liquid 

(dissolved 

putrescible 

matter). 

Nitrogen. 

Nitrogen. 

4 

S 

1 

2 

3 

4 

5 

o-oooo 

2-2560 

2-714 

2-000 

0-0229 

0-9450 

00200 

2-8924 

2143 

2-000 

o-oioo 

2-1864 

0 0460 

2-7370 

2-429 

2-286 

00540 

2-2049 

0-0140 

2-4690 

2-429 

2-429 

0-0100 

20436 

00100 

2-5703 

2-429 

2143 

0-0300 

1-8824 

Slight  trace 

2-1830 

1-714 

1-571 

trace 

1-0456 

nil 

0-2500 

0714 

0-0260 

nil 

0-0200 

nil 

a 

<V 

1-000 

0-0260 

nil 

02843 

00907 

cs 

B 

*-*-> 

o 2 

1-286 

0-2000 

nil 

0-0460 

01599 

1-000 

0 0640 

0-1583 

0-1700 

0-8193 

t/> 

o 

-4-^ 

CO 

1-143 

0-2301 

0-2413 

o-iooo 

0-0589 

o 

1-286 

0 2500 

0-2277 

00400 

2-0130 

* 

1-980 

1-980 

0-0460 

1-9861 

nil 

1-6723 

2-857 

2-714 

0-0200 

1-4809 

nil 

1-8929 

3143 

3000 

trace 

1-3231 

0-0400 

2-5724 

3 286 

3 143 

0-0500 

1-4134 

00400 

3-0877 

1-857 

1-571 

0-0300 

2-0209 

0-0400 

4 0751 

2-714 

2-286 

d-0500 

29866 

0-0500 

0-5651 

3283 

2-714 

0-0500 

1-0956 

0-0400 

0 8394 

2-286 

1-857 

trace 

2-7580 

0-0100 

3-1749 

2-286 

1-857 

nil 

2-4393 

00200 

2-7649 

2-571 

2-429 

0-0400 

... 

the  beds  per  day. 


00300 

03300 

0- 4000 
07000 

1- 0000 
1-2500 
0-2200 
0-1000 
0-2000 
01500 
0-0500 
0-2000 
0-0200 
trace 
00700 
03500 
4 6000 


2-2604 


10923 

1-3597 

1-4429 

1-2339 

nil 

3-0800 
1 -9027 

1- 2741 

2- 8024 
2-4357 


5 

c a 

a 

c 

o 

>5 


3-7937 

2-1623 

1-1017 

8*9108 

10  2331 

nil 


2-241 

a> 

2-426 

o 2 

2-830 

fc.J 

2-021 

VI 

2-291 

2-291 

4 000 

3000 

2-429 

1-714 

1-714 

1-429 

1-571 

1-429 

1-857 

1-28(1 

2121 

1-711 

5 

1 *867 

*5  g 

2-696 

X .3 

2-600 

S 

2*166 

0-0500 

' 0*7750 

0-1600 

1 0*8967 

0-0700 

0*7531 

0-1800 

0*7137 

0 5000 

01160 

0*2000 

nil 

0*2000 

0-8739 

0*0700 

1-4077 

0-0300 

1-7780 

0-0400 

2-4867 

0-0340 

2-1089 

0-0460 

2 7264 

trace 

1-9536 

0*0200 

2-4183 

nil 

0-4553 

0*0800 

0-2586 

0*2600 

01259 

NORTHERN  OUTFALL. 

Table  X. — The  treatment  of  raw  aewa/je  in,  two  successive  coarse 


Filling  of  the  bede 


ltaw  Sewage. 

J 

Pinal  Effluent 

Oxygen  absorbed  by 

Oxygen 

Date. 

the  crude 

the  clear 

Nitrous 

Nitric 

Suspended 

the  crude 

Suspended 

liquid 

liquid 

Nitrogen. 

Nitrogen. 

solid*. 

liquid 

solids. 

(total 

(dissolved 

(total 

putreseible 

putreseible 

putreseible 

matter). 

matter). 

matter.,. 

1 

2 

3 

4 

5 

1 

2 

1899 

Sept.  11  ... 

5-864 

nil 

0-1401 

» 13 

7519 

nil 

0-1290 

15  ... 

r- 

6-079 

nil 

0-1893 

. 

July  19  ... 

O 

CD 

-4-J 

6-394 

nil 

0-0393 

£ 

6 

„ 21  ... 

c3 

c3 

5-306 

nil 

trace 

cs 

„ 24  ... 

*43 

5-583 

nil 

01724 

Cs 

26  ... 

V) 

o 

o 

5-413 

nil 

0-2186 

C C 

<v 

o 

28  ... 

o 

6-014 

nil 

0-1687 

o 

..  31  ... 

r* 

6-774 

nil 

0-1716 

53 

Aug.  28  ... 

3-840 

nil 

0-0883 

„ 30  ... 

5"683 

nil 

0-6883 

Sept.  4 ... 

6-917 

nil 

0-1651 

One  filling  of 


1899 

Nov.  27  ... 

77 

12-306 

7-071 

nil 

00864 

14 

4-101 

„ 28  ... 

90 

12-000 

10-143 

nil 

01669 

4 

3-857 

29  ... 

66 

13-714 

7-857 

0-0200 

0-0674 

11 

4-714 

30  ... 

64 

11-429 

6-429 

0 0200 

0-0666 

7 

3143 

Dec.  1 ... 

74 

11-857 

7-000 

nil 

01719 

10 

2-571 

„ 2 ... 

113 

11-857 

5-857 

nil 

0-1717 

11 

3-857 

July  5 ... 

6-593 

nil 

0-0883 

>»  8 ... 

0) 

5-631 

slight  trace 

0-2053 

O 

» 12  ... 

6181 

nil 

0-2750 

... 

£ 

Oct.  3 ... 

64 

&S 

6-616 

nil 

0-5004 

3 

fcj 

..  14  ... 

70 

to 

7 004 

nil 

0-3310 

4 

X 

» 16 

27 

4*533 

nil 

0-4254 

9 

„ 17  ... 

84 

1 2-500 

6-593 

nil 

0-5084 

17 

4 004 

19  -. 

79 

11-739 

6-647 

nil 

0-2923 

11 

3-536 

24  ... 

114 

13-304 

6161 

nil 

0-3459 

13 

4-481 

.,  30  ... 

53 

8-123 

4-061 

nil 

0-0771 

9 

1-820 

Nov.  4 ... 

60 

7-143 

2-520 

nil 

0-0890 

nil 

1-680 

>.  6 ... 

41 

6-441 

3-030 

0 4000 

0 6671 

7 

1-540 

is  ... 

90 

11-429 

5-857 

nil 

trace 

3 

5 429 

Dee.  5 .... 

81 

12-000 

7-286 

nil 

nil 

7 

4143 

„ 9 ...! 

1 

59 

11-000 

6-143 

nil 

trace 

14 

3-429 

30 


SERIES  II. 

coke-bed s,  and  in  two  successive  coke-beds,  one  fine  and  one  coarse. 


on  alternate  days. 


from  two  coarse  beds. 

Final  Effluent  from  coarse  and  fine  beds. 

absorbed  by 

Oxygen  absorbed  by 

the  clear 

Nitrous 

Nitric 

Suspended 

the  crude 

the  clear 

Nitrous 

Nitric 

liquid 

Nitrogen. 

Nitrogen. 

solids. 

liquid 

liquid 

Nitrogen. 

Nitrogen. 

(dissolved 

(total 

(dissolved 

putrescible 
matter' . 

putrcscible 

putrescible 

matter). 

matter) . 

3 

4 

5 

1 

2 

3 

4 

5 

2406 

0-2000 

1-0714 

1-353 

0-0300 

0-8360 

2106 

0-0400 

2-7750 

1-353 

0-0200 

3-3666 

2127 

0-0700 

1-8361 

■ 

1-064 

0-0500 

3 7986 

4081 

0-1700 

nil 

o 

o 

2727 

0-0357 

2-7696 

1-224 

nil 

trace 

r3 

ci 

1-224 

00300 

2-3450 

2-5K4 

06400 

0-2829 

•S 

1-087 

0-0561 

1-7453 

2-408 

0-4500 

0-2386 

O 

Cfl 

O 

0-626 

0-0480 

1-7549 

1-804 

0-3000 

0-5839 

o 

0-626 

00600 

1-7071 

2-504 

0-3000 

0-6830 

1-179 

0 9760 

0-0954 

1-981 

00831 

1-6897 

1-383 

0-0300 

3-5214 

1-981 

01500 

2-2786 

1-229 

nil 

2-5886 

1053 

0-0600 

34857 

1-353 

nil 

2-3086 

the  beds  per  day. 


3-394 

00600 

1-1650 

1 

2-546 

2-263 

0-0600 

1-3354 

2-286 

0-0700 

1-9433 

nil 

2-286 

1-857 

0-0800 

01030 

2-714 

0-0540 

1-9549 

9 

8 714 

2-286 

0-0540 

0-3076 

2-429 

0-0400 

1-9386 

10 

2-286 

1-714 

0-0460 

2-1861 

2-571 

0-1200 

0 9550 

10 

2 000 

2 000 

0-0500 

2-8310 

2-429 

0-3000 

0-8847 

10 

2-113 

1-857 

o-iooo 

2-4257 

2-610 

nil 

0-0794 

• • • 

1-236 

0-2500 

1-7000 

2-335 

nil 

01536 

0 960 

0-4000 

0-3696 

2-473 

nil 

0-3036 

... 

O 

0-714 

0-2300 

1-7021 

2127 

0.0600 

3-8518 

nil 

& s 

1-353 

0-0200 

3-6463 

3 846 

1 oooo 

2-6544 

3 

+3 

1/3 

1-236 

0-0300 

1-5001 

1-923 

0-0400 

2-6330 

nil 

1-373 

nil 

2-2261 

2-609 

0 0400 

1-3304 

3 

2 060 

1-373 

0-0200 

1-3706 

1-414 

0-0400 

1-4724 

6 

1-839 

1-414 

0-0200 

43550 

2-100 

00400 

1-1506 

4 

1-821 

1-540 

0-0400 

3-0489 

1-274 

00200 

1-7346 

1 

0-640 

0-840 

0-0200 

2.2610 

1 -260 

0-0400 

1-7344 

nil 

0-640 

0-840 

0-0200 

3-1854 

1-120 

0-0300 

2-7904 

1 

1-120 

0-980 

nil 

3-2414 

2-571 

0-2000 

1-0181 

nil 

1-714 

1-286 

0-0800 

2-3600 

2-714 

0"12OO 

1 -5754 

9 

2-286 

2143 

0-0600 

3-4947 

2-429 

0-2000 

10214 

16 

2-000 

1-714 

0-0300 

2-2664 

NORTHERN  OUTFALL. 


Two  fillings  of 


| 

Haw  Sewug 

e. 

Final  Effluent 

Oxygen  absorbed  by 

Oxygen 

Date. 

Suspended 

solids. 

1 

tbe  crude 
liquid 
(total 

putrescible 

matter). 

2 

the  dear 
liquid 
(dissolved 
putrescible 
matter). 

3 

Nitrous 

Nitrogen. 

4 

Nitric 

Nitrogen. 

5 

Suspended 

solids. 

1 

tbe  crude 
liquid 
(total 

putreedUe 

matter;. 

2 

1900 

May  14  ... 

58 

12-000 

7-200 

nil 

trace 

6 

4 000 

.,  15  ... 

6G 

13-200 

6-600 

nil 

trace 

6 

3-800 

„ 16  ... 

68 

13-400 

5-800 

nil 

trace 

8 

3-600 

,.  17  ... 

68 

12-800 

6-000 

nil 

trace 

6 

3-600 

„ 18  ... 

72 

13-000 

7-400 

nil 

trace 

6 

3-200 

„ 19  ... 

72 

12-200 

4-600 

nil 

trace 

8 

3 000 

1899 

Pec.  12  ... 

59 

11-571 

7-286 

nil 

0-5269 

10 

4-000 

„ 21  ... 

30 

8-857 

5-000 

0-0600 

00247 

11 

4-429 

28  ... 

69 

11143 

6-429 

nil 

00816 

14 

4-000 

„ 29  ... 

139 

12-857 

7-000 

nil 

01613 

19 

4-714 

,.  80  ... 

77 

9-857 

4-571 

nil 

0-0873 

7 

3-286 

1900  | 

Jan.  6 ... 

57 

9-714 

4-286 

nil 

00357 

3 

3-714 

„ 24  ... 

58 

13-940 

6-274 

0-0300 

0-0880 

nil 

3-920 

Feb.  5 ..J 

100 

14-454 

6-632 

0-4000 

0-1858 

2 

3-762 

„ 6 ... 

140 

13-266 

4-542 

0-2000 

00276 

8 

2-574 

,.  21  ... 

58 

14-652 

8-316 

0-3000 

0-1684 

16 

3-960 

„ 27  ... 

76 

9-600 

3-200 

0-0400 

0-0785 

10 

1-800 

Mar.  19  ... 

19 

13-400 

5-800 

0-0600 

0-1674 

6 

3-200 

Apl.  3 ... 

76 

15-800 

9-000 

nil 

0-1178 

10 

4-600 

G ... 

98 

13-600 

6-400 

nil 

trace 

10 

5 800 

.,  18  ... 

78 

14-800 

8-200 

nil 

trace 

14 

5-200 

..  19  - 

62 

14-000 

6-600 

nil 

trace 

5-200 

41 


SERIES  II. — continued, 
the  beds  per  day. 


from  two  coarse  beds.  | i Final  Effluent  from  coarse  and  fine  beds. 


absorbed  by 

Nitrous 

Nitrogen. 

4 

Nitric 

Nitrogen. 

5 

— 

Suspended 

solids. 

1 

Oxygen  absorbed  by 

Nitrous 

Nitrogen. 

4 

Nitric 

Nitrogen. 

5 

the  clear 
liquid 
(dissolved 
putrescible 
matter). 

3 

the  crude 
liquid 
(total 
putrescible 
matter) . 

2 

the  clear 
liquid 
(dissolved 
putrescible 
matter). 

3 

2-400 

0-0700 

1-1444 

nil 

2-600 

1-400 

0-0200 

2-1706 

2-400 

0-3000 

0-9082 

2 

2-000 

1-800 

nil 

2-3958 

2-200 

0-2000 

0"7596 

4 

2-000 

1-200 

0-0200 

1-6842 

2-200 

0-3000 

0-6626 

4 

2 000 

1-200 

0-0300 

2-55,50 

2-400 

0-0600 

1-3614 

nil 

2-000 

1-600 

0 0500 

2-3686 

1-800 

0-0500 

0-9232 

2 

1-800 

1-200 

0-0600 

11566 

2-857 

0-2000 

1-0287 

nil 

2-143 

1-857 

0-0300 

2-6336 

2-714 

0-2000 

2-3243 

7 

5 000 

3-857 

0-0600 

0-3047 

2-571 

0-0300 

06390 

4 

2-286 

1-714 

0-0200 

1-7719 

2-857 

00600 

07671 

9 

2-429 

2143 

0-0400 

1-8333 

2-286 

0-1500 

01861 

16 

2-000 

1-429 

0-0600 

1-7607 

2-000 

0-3000 

01311 

3 

2143 

1-857 

0-0600 

04499 

2-352 

0-2000 

0-6320 

6 

1-960 

1-764 

0-0400 

1-7302 

1-980 

0-0400 

2-0472 

2 

2-178 

1-782 

00400 

3-0542 

1-584 

00400 

1-4388 

lost 

1-584 

1-386 

nil 

2-5502 

1-782 

0-0600 

8-7576 

4 

1-980 

1-386 

0-0400 

64790 

1 -2<X) 

00600 

1-3566 

nil 

1-200 

1-000 

0-0400 

2-3236 

2-800 

00400 

2-2340 

nil 

2-200 

1-600 

0-0200 

3-1888 

2'400 

01000 

1-3004 

nil 

2-800 

2-000 

0-0700 

2-2882 

3 800 

00400 

11664 

4 

2-600 

2-400 

0-0600 

1-8904 

2-800 

0-1000 

31248 

2 

3-200 

2-600 

01200 

3-5650 

3-000 

04000 

0-8180 

4 

2-800 

2-200 

o-iooo 

3-5464 

NORTHERN  OUTFALL.  SERIES  III. 

Iaui.k  XI.  J lie  treatment  of  raw  Rewage  by  settlement  in  a lank  ami  by 
subsequent  treatment  in  a coarse  coke-bed. 

The  number  of  fillings  of  the  bed  per  day  varied  between 


Raw  Sewage. 

Final  Effluent  from  coarse  bed  A. 

Oxygen  absorbed  by 

Oxygen  absorbed 
by 

Date. 

_ Suspended 

solids. 

the  crude 
liquid 
(total 
putres- 
cible 
matter). 

2 

the  clear 
liquid 
(dissolved 
putres- 
cible 
matter). 

3 

Nitrous 

Nitrogen. 

4 

Nitric 

Nitrogen. 

5 

Suspended 

solids. 

the  crude 
liquid 
(total 
putres- 
cible 
matter) . 

2 

the  clear 
liquid 
(dis- 
solved 
putres- 
cible 
matter). 

3 

Nitrous 

Nitrogen. 

4 

Nitric 

Nitrogen. 

5 

1901 
Mar.  18 

52 

12-352 

7-058 

nil 

trace 

18 

5-098 

2-744 

00600 

0-5005 

„ 19 

48 

13-600 

8-400 

0-0300 

01993 

8 

5-200 

3 400 

0-0400 

0-8773 

.,  20 

72 

13-400 

8-800 

0-0400 

trace 

10 

4-200 

3-800 

nil 

0-5589 

» 21 

GO 

13-400 

6-000 

nil 

nil 

14 

6-000 

3-600 

0-0600 

0-4097 

» 22 

48 

12-600 

7-000 

nil 

trace 

8 

4-400 

3-000 

0-0360 

01907 

..  23 
1900 
Nov.  30 

G2 

13-200 

5-800 

nil 

trace 

6 

5-400 

2-200 

00500 

0-2977 

20 

17-820 

15-246 

nil 

trace 

10 

5-742 

4-752 

0.0300 

0-5345 

Dee.  13 

206 

15-400 

6-800 

nil 

trace 

8 

5-800 

4-200 

0 0300 

0-8958 

„ 28 

08 

10-800 

6-000 

nil 

trace 

4 

2-400 

1-800 

0-0400 

0-8668 

..  31 

50 

S-600 

3-000 

0-0800 

trace 

16 

4-800 

2-400 

0-0300 

0-6729 

1901 
Jan.  29 

74 

15-200 

10-800 

01000 

0-3554 

18 

7-000 

5-000 

0-0400 

1-3222 

Feb.  6 

118 

13-800 

6-600 

0-0300 

0-6754 

16 

6-400 

3-600 

0-0300 

0-3225 

Apl.  2 

48 

13-400 

8-600 

0-1000 

0-3509 

8 

4-800 

2-800 

nil 

0-6541 

May  6 

20 

8-910 

5-346 

nil 

nil 

2 

3-168 

2-970 

nil 

3-8198 

„ 7 

24 

10096 

5-148 

nil 

nil 

0 

2-970 

2-376 

0-0600 

21787 

>.  8 

102 

13-200 

5-800 

nil 

nil 

0 

3-400 

2-200 

nil 

1-3478 

1* 

54 

13-000 

8-600 

nil 

nil 

8 

4-600  | 

2-800 

0-2400 

nil 

June  28 

56 

11-400 

6-400 

nil 

trace 

44 

12800 

7600 

0-0600  j 

6 4079 

July  27 

42 

8-626 

2941 

nil 

nil 

10 

3-724  | 

1-372 

nil 

1-1245 

'llie  treatment  of  raw  sewage  by  settlement  in 
treatment  in  a fine  coke-bed. 

The  number  of  fillings  of  the  bed  per  day 
and  averaged  1'3. 


a tank  and  by  subsequent 
varied  between  1 and  3, 


Raw  Sewage. 


Final  Effluent  from  fine  bed  B. 


1901 
July  1 

120 

13-400 

4-600 

nil 

nil 

. 

3-800 

2-600 

nil 

1-6980 

» 2 

44 

10-800 

5-800 

nil 

trace 

6 

3-800 

2-400 

00300 

1 0949 

..  3 

70 

12-400 

6-600 

0-0300 

nil 

8 

3-000 

1-800 

0-0300 

1-0907 

» 4 

38 

11-000 

6-000 

nil 

nil 

4 

3-000 

2-400 

nil 

11232 

3 

48 

10-800 

4-800 

nil 

nil 

2 

3-200 

2-400 

0-0300 

1-US14 

6 

38 

10-000 

4-400 

nil 

nil 

2 

3-000 

2-600 

0-0500 

1-3216 

1900 
Nov.  8 

68 

14-652 

8-316 

nil 

t race 

6 

3-168 

2-178 

0-0340 

8 5542 

„ 9 

66 

14-652 

10-494 

nil 

t race 

6 

5-148 

4 158 

0-0600 

2-3398 

30 

26 

17820 

15  246 

nil 

1 race 

nil 

3-910 

3-567 

nil 

1-7044 

Dec.  13 

206 

15-400 

6-800 

nil 

1 race 

2 

3800 

3100 

00360 

1-6931 

1901 
Jan. 14 

46 

12-800 

7-000 

nil 

trace 

8 

5 200 

3-200 

nil 

1-3912 

» 22 

70 

13-332 

6-078 

nil 

trace 

14 

4116 

2-940 

0-0260 

11256 

29 

60 

13-400 

9-000 

0-0500 

0-5909 

nil 

4-000 

3-000 

nil 

1-5781 

Feb.  2 

50 

11-800 

5-200 

nil 

nil 

2 

4-600 

3-800 

0 7000 

nil 

o 

60 

11-000 

6-000 

02200 

0-0736  I 

nil 

4-200 

3-800 

0-0300 

1-4961 

Apl.  18 

54 

10-692 

5-550 

nil 

nil 

14 

3-960 

2-178 

0-4340 

0-4940 

May  6 

26 

8-910 

5-346 

nil 

nil  j 

nil 

2-376 

2-376 

v i t 

5-404  1 

July  27 

40 

8-234 

2-548 

nil 

nil 

4 

1-901 

0-980 

00400 

1-5395. 

18 


SOUTHERN  OUTFALL.  SERIES  1. 

Table  XII. — The  treatment  of  raw  sewage  in  a single  coke-bed  4 feet  deep. 


One  filling  of  the  bed  per  day. 


Raw  Sewage. 

Cok  -bed  Effluent. 

Oxygen  absorbed  by 

Oxygen  absorbed 
by 

Qj  . 

the  crude 

the  clear 

Nitrous 

Nitric 

"3 

the  crude 

the  clear 

Nitrous 

Nitric 

Date. 

liquid 

liquid 

Nitrogen. 

Nitrogen. 

C 'd 

liquid. 

liquid 

Nitrogen. 

Nitrogen 

(total 

dissolved 

(total 

(die- 

5s 

putres- 

putres- 

putres- 

solved 

CO 

cible 

cible 

cible 

putres- 

matter) . 

matter) . 

matter). 

cible 

matter). 

l 

2 

3 

4 

5 

1 

2 

3 

4 

5 

1898 

Oct.  31 

5-564 

trace 

trace 

1-053 

0-2000 

0-1871 

Nov.  1 

4211 

trace 

trace 

1-203 

0-1500 

0-2914 

„ 2 

Cl  64 

trace 

wl 

1-654 

0-1500 

0-2657 

3 

6-917 

nil 

nil 

1-956 

o-iooo 

0-2057 

..  4 

3 

O 

6-466 

nil 

nil 

GJ 

<D 

2-556 

0-1600 

0-1529 

» 5 

c3 

B 

d 

7-354 

nil 

nil 

ci 

g 

c£ 

a 

2-557 

o-iooo 

0-3143 

•lulv  18 

Y 

ac 

O 

2-431 

Not  est 

i mated 

Ua 

05 

o 

00 

c? 

1-214 

Not  est 

i mated 

Aug.  31 

■g 

-*-> 

o 

9.727 

JJ 

O 

-4^ 

O 

1-976 

J) 

1J 

Sep.  16 

£ 

*7 

9-677 

iz; 

£7 

5 069 

>> 

n 

„ 26 

3226 

0-1714 

nil 

1-690 

0-2286 

nil 

Oct.  15 

5-280 

nil 

nil 

2-470 

0 3057 

trace 

„ 20 

5-031 

trace 

nil 

2-671 

nil 

trace 

Two  fillings  of  the  bed  per  day. 


1899 
Feb.  13 

4-983 

nil 

nil 

1 

2-657 

trace 

0-1229 

„ 14 

~3 

5-783 

nil 

nil 

3-323 

00100 

0-0471 

» 15 

•g  "5 

4-817 

nil 

trace 

O 

2-353 

o-oioo 

0-0729 

„ 16 

A.  E 

3-866 

nil 

nil 

57  £ 

2-160 

nil 

trace 

„ 17 

3-564 

nil 

nil 

-*-> 

cn 

1-661 

nil 

0-0571 

..  18 

4-484 

nil 

nil 

2-353 

0-0200 

trace 

1898 

3 

Mav  1 1 

.:  lo 
June  3 

„ 11 

53-4 
42  1 
25-4 
30-6 

C S 

s 

g 

9006 

9 916 

4-416 

2001 

Not 

itimated 

Not 

iti  mated 

43 

2-7 

0- 7 

1- 7 

cS 

'-*3 

75 

o 

5-446 

5 041 
2-057 
1-207 

Not 

itimated 

Not 

itimated 

16 

564 

5-773 

© 

8 

1-3 

o 

1-756 

<D 

o 

Nov.  28 

A 

6-627 

trace 

nil 

3159 

00800 

0-4571 

30 

3 

5-209 

nil 

nil 

"S 

1-489 

02200 

0-1957 

Dec.  19 

o 5 

5-357 

0 0600 

trace 

n 75 

2-976 

00400 

trace 

1899 

A ~ 

K £ 

Jan.  14 

3 

5-429 

trace 

00571 

2 

2-857 

0-0500 

0-3286 

» 21 

5-714 

nil 

nil 

2-707 

00600 

nil 

SOUTHERN  OUTFALL. 


SERIES  I. — continued. 


Table  XIII. — The  treatment  of  raw  sewage  in  two  successive  cotce-bede. 

The  number  of  fillings  of  the  beds  per  day  varied  between 
1 and  2,  and  averaged  1 -3. 


Raw  Sewage. 

Final  Effluent  from  two  coke-bed*. 

Oxygen  absorbed  by 

Oxygen  absorbed  by 

Date. 

Suspended 

solids. 

the  ciude 
liquid 
(total 

the  clear 
liquid 
(dissolved 

Nitrous 

Nitrogen. 

Nitric 

Nitrogen. 

-2  ® 
§3 

the  crude 
liquid 
(total 

the  clear 
liquid 
dissolved 

Nitrous 

Nitrogen. 

Nitric 

Nitrogen. 

putres- 

cible 

putres- 

ciblc 

L x 
C 7u 

putres- 

cablc 

putrr?*- 

dblc 

matter) . 

matter). 

matter). 

matter) . 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

1 81)9 
Feb.  13 

4-983 

nil 

nil 

1-661 

00600 

0-3129 

» 

5-783 

nil 

nil 

1-849 

o-iooo 

0-1900 

ii  15 

4-817 

nil 

trace 

1-671 

0-0800 

01243 

it  16 

3-866 

nil 

nil 

1-354 

0 0300 

01771 

„ 17 

rri 

3-564 

nil 

nil 

rr^ 

1-201 

00300 

0-2400 

„ 18 
1898 
July  18 

a> 

- 

s 

<D 

4-> 

d 

s 

*-£ 

4-484 

2-431 

nil 

Ti 

<y 

-4-5 

nil 

0) 

4-1 

c3 

& 

ci 

j 

•4J 

1-513 

0-760 

00400 

5 

0*1629 

6 

Aug.  13 

s 

<D 

2-769 

J I 

Not 

tima 

8 

<D 

0-700 

Not 

inuu 

% 3 

» 31 

4-3 

o 

-+J 

O 

9-727 

4J 

o 

4J 

O 

1-216 

A.B 

Sep.  16 

tz; 

9-677 

s 

CC 

<y 

'A 

5z; 

4454 

CO 

o 

X 

o 

„ 26 

3-226 

01714 

nil 

1-843 

0-4143 

nil 

>.  28 

3-951 

trace 

nil 

1-671 

0 5714 

nil 

Oct.  8 

5-701 

nil 

nil 

2-280 

trace 

nil 

Nov.  28 

6-627 

trace 

nil 

2-431 

0-2000 

0 9814 

1899 
Jan.  It 

5-429 

trace 

0 0571 

2-000 

0-0300 

0-7429 

SERIES  II. 

Table  XIV. — Treatment  of  raw  sewage  in  a coke-bed  13  feet  in  depth. 


One  filling  of  the  bed  per  day. 


Date. 

Raw  Sewage. 

Cok  -bed  Effluent. 

Suspended 

solids. 

Oxygen  absorbed  by 

Nitrous 

Nitrogen. 

4 

Nitric 

Nitrogen. 

5 

Cri 

p 

3 “ 

c n 

1 

Oxygen  absoibed 
by 

Nitrous 

Nitrogen. 

4 

Nitric 

Nitrogen. 

5 

the  crude 
liquid 
(total 
putres- 
cible 
matter). 

2 

the  clear 
liquid 
dissolved 
pubes- 
cible 
matter). 

3 

the  crude 
liquid 
‘total 
putres- 
eible 
matter). 

2 

the  clear 
liquid 
(dis- 
solved 
putres- 
eible 
matter). 

3 

1899  | 

Mar.  20 

3-720 

nil 

nil 

1-489 

0-1000 

trace 

„ 21 

6-101 

nil 

nil 

2-231 

0-0200 

0 2043 

22 

i— > 

9-227 

trace 

nil 

•g 

-g 

4 464 

00300 

01186  ' 

„ 23 

4-661 

o-oioo 

nil 

■*-> 

1 -956 

0-0200  . 

01014 

24 

a 

c 

5-803 

nil 

nil 

B 

1 

2-529 

0-0100 

0-1829 

, 25 

-4-3 

4-3 

4-167 

nil 

nil 

1-489 

0-0300 

01629 

Mar.  4 

* 

s 

4-203 

nil 

nil 

8 

2 

2-31 7 

nil 

nil 

„ 7 

Q 

o 

3-951 

00300 

nil 

o 

4-3 

c 

2-736 

0-1000 

trace 

8 

A 

'A 

4-103 

trace 

nil 

'A 

1-369 

0 1200 

00743 

„ 14 

3-607 

nil 

trace 

1-427 

trace 

00529 

it  I5 

3-760 

nil 

nil 

1-353 

nil 

trace 

45 


Two  fillings  of  the  bed  per  day. 


Raw  Sewage. 

Cok  -bed  Effluent. 

Oxygen  absorbed  by 

Oxygen  nbsoi  bed 
by 

T3 
4/  . 

the  crude 

the  clear 

Nitrous 

Nitric 

2 . 

the  crude 

the  clear 

Nitrous 

Nitric 

Date. 

liquid 

liquid 

Nitrogen. 

Nitrogen. 

S3  rs 

liquid 

liquid 

Nitrogen. 

Nitrogen. 

(total 

i dissolved 

( total 

(dis- 

S8 

p litres- 

putres- 

putres- 

solved 

CQ 

cible 

cible 

cible 

putres- 

matter) . 

matter). 

matter). 

cible 

matter). 

i 

2 

3 

4 

5 

1 

2 

3 

4 

5 

1899 

, 

Oct.  2 , 

O 

3-924 

0-0240 

nil 

2-354 

0-0500 

nil 

..  3 1 

d 

6-436 

nil 

nil 

1-884 

0-0400 

trace 

„ 4 

7-143 

nil 

nil 

3-039 

0-0300 

0-4991 

00 

o 

5*966 

nil 

0-2503 

2-356 

nil 

trace 

6 

6-031 

nil 

nil 

n 

2 221 

nil 

nil 

..  7 ! 

sc 

o 

4-684 

nil 

nil 

0-941 

nil 

nil 

Apl.  7 

884 

d 

4-000 

0-0400 

0-0157 

8 

£ 

2-000 

0-0100 

01143 

,.  20  i 

26-1 

P 

7496 

nil 

nil 

4-306 

nil 

trace 

22 ; 

38-3 

CO 

a 

6637 

0-0300 

nil 

o> 

4-329 

o-oioo 

0-3614 

Mav  3 

199 

jj 

4-711 

nil 

nil 

o 

o 

2-799 

0-0300 

0-2971 

..  18 

- 

5? 

5-429 

0-0500 

nil 

£ 

'A 

2-857 

0-1400 

0-0657 

July  4 

o 

2-479 

nil 

nil 

0 731 

trace 

0-1143 

Aue.  26 

O eS 

6 041 

nil 

nil 

2-017 

trace 

1-5750 

Sep.  12 

55  .s 

5-771 

nil 

nil 

2-309 

0 5514 

nil 

15 

C/3 

V 

l 

1-457 

nil 

nil 

1 

1-311 

nil 

nil 

The  treatment  of  roughly  settled  sewage  in  a coke-bed  13  feet  in  depth. 


Two  fillings  of  the  bed  per  day. 


1899 
Dec.  4 

13106 

9-043 

nil 

nil 

3014 

2-097 

nil 

nil 

„ 5 

11-367 

6-759 

nil 

nil 

3007 

2-457 

nil 

nil 

„ 6 

11-607 

8-334 

nil 

nil 

4-167 

2-827 

nil 

nil 

„ 7 

10-827 

7-819 

nil 

nil 

5113 

3-759 

nil 

nil 

„ 8 

a 

10-976 

6-763 

nil 

nil 

r— > 

3-894 

2-857 

nil 

nil 

..  9 

"3 

5-530 

4-147 

nil 

nil 

d 

3-533 

2137 

nil 

nil 

Oct.  16 

8 

Not 

3073 

nil 

nil 

s 

Not 

1-6S9 

0-0540 

0-3373 

„ 23 

7. 

est’m’t’d 

6-493 

nil 

nil 

"oo 

est’m’t’d 

2164 

0 6614 

trace 

Nov.  7 

8-571 

4-209 

0 1360 

trace 

3-316 

2-104 

0-5400 

1 7310 

„ 23 

£ 

12-963 

8-060 

nil 

01137 

O 

55 

3-041 

2*910 

nil 

0-2051 

25 

6-481 

3-836 

nil 

nil 

1-983 

1-719 

nil 

nil 

Dec.  19 

1 3-703 

9-911 

0-01 00 

trace 

7-289 

3353 

0-1300 

0-3404 

„ 22 

21  356 

11  976 

nil 

nil 

6-493 

4 906 

nil 

trace 

Three  fillings  of  the  bed  per  day. 


1900 
Mar.  26 

5-888 

4-000 

0-0500 

trace  ! 

2-666 

1-888 

0*0300 

trace 

„ 27; 

9-355 

7-391 

nil 

nil 

4-623 

3-870 

nil 

0*1740 

„ 28, 

8-539 

6-179 

nil 

nil 

4046 

3-370 

nil 

0-4100 

„ 29 

9-438 

7-303 

nil 

nil 

4-269 

3146 

nil 

nil 

,,  80  || 

7-629 

6-082 

trace 

nil 

4-020 

2-783 

nil 

nil 

” 31 

£ 

7-979 

6-363 

nil 

nil 

4-242 

3-434 

nil 

trace 

Jan.  15  | 

a 

4-156 

3010 

0-2000 

0-4640 

d 

1-719 

1-290 

0-0400 

3 8780 

” ill 

3 

8-602 

6129 

0*1400 

0-6840 

2 

6-236 

5 376 

0-3200 

2-0290 

..  26  j 

8 

■*-> 

6-154 

4 615 

nil 

nil 

73 

2-418 

OS79 

0-0500 

0-3842 

Feb.  1 | 

9-246 

8-817 

0-1500 

nil 

O 

5-053 

4*616 

0*8200 

0-5176 

r»  I1 

o 

6"559 

3-440 

0 0300 

09110 

o 

1-935 

l -898 

0-0500 

1-1800 

yj 

6-180 

6-730 

0*0600 

0-0830 

2-432 

2-432 

03000 

0-4050 

„ 20 1| 

6-250 

4-886 

0 3300 

0*1460 

2-965 

2-386 

0-2900 

0*5070 

23; 

8-804 

6-630 

0-1300 

01410 

6 630 

4130 

0*2000 

0-1680 

Mar.  21 

4-444 

3-555 

nil 

nil 

2033 

1-666 

nil 

trace 

Apl.  3 

9 696 

8181 

nil 

nil 

6*252 

3-939 

nil 

nil 

SOUTHERN  OUTFALI 


SERIES  II. — continued 


The  treatment  of  nettled  sewage  in  a coke-bed  13  feet  in  depth. 


Four  fillings  of  the  bed  per  day. 


U * J 

Date. 

Raw  Sewage. 

Cok  -bed  Effluent. 

_ Suspended 

solids. 

Oxygen  absorbed  by 

Nitric 

Nitrogen. 

5 

Suspended 

solids. 

Oxygen  absorbed 
by 

Nitrous 

Nitrogen. 

4 

Nitric 

Nitrogen 

S 

the  crude 
liquid 
(total 
putres- 
cible 
matter) . 

2 

the  clear 
liquid 
(dissolved 
putres- 
cible 
matter). 

3 

Nitrous 

Nitrogen. 

4 

the  crude 
liquid 
(total 
putres- 
cible 
matter;. 

2 

the  clear 
liquid 
(dis- 
solved 
putres- 
cible 
matter). 

3 

1900 

July 

23 

5-435 

4-130 

nil 

nil 

2-282 

1-848 

0-0500 

0 0663 

>> 

24 

6-087 

4-239 

nil 

nil 

2 065 

1-630 

trace 

trace 

n 

25 

7-391 

3-696 

nil 

nil 

2-282 

1-848 

nil 

trace 

11 

26 

6-774 

4-623 

nil 

nil 

2-580 

1-613 

nil  j 

nil 

11 

27 

6-421 

4-947 

nil 

nil 

2-421 

2-105 

nil 

trace 

11 

2S 

6-774 

4-215 

nil 

nil 

2-258 

1-290 

trace 

trace 

May 

4 

o 

5-019 

4-134 

nil 

nil 

a 

3-077 

1-828 

01000 

02490 

>» 

8 

S 

5-543 

4-021 

nil 

nil 

s 

2-391 

1-728 

02800 

trace 

11 

9 

5-326 

4"565 

nil 

nil 

•is 

cn 

3-913 

2826 

trace 

trace 

11 

11 

a5 

6-777 

2-666 

nil 

nil 

5 833 

1-888 

nil 

nil 

11 

19 

o 

4-681 

2-979 

nil 

trace 

O 

1-915 

1-383 

01100 

02420 

ri 

24 

& 

6-421 

5 789 

nil 

nil 

2947 

2-000 

nil 

nil 

ii 

31 

6-304 

4-891 

nil 

trace 

2-608 

1-848 

nil 

nil 

June 

7 

7-708 

4-781 

nil 

nil 

3 553 

2-510 

nil 

nil 

11 

26 

3-636 

2-525 

nil 

nil 

1-818 

1-414 

nil 

trace 

July 

3 

3-367 

3163 

nil 

nil 

1-632 

1-449 

nil 

nil 

11 

20 

6-044 

3-626 

nil 

nil 

1-538 

1-209 

trace 

trace 

Table  XV. — The  treatment  of  settled  sewage  in  a coke-bed  If.  feet  in  depth. 


Continuous  feeding  of  the  bed. 


Raw  Sewage. 

Coke-bed  Effluent. 

l 

2 

3 

4 

5 

i 

2 

3 

4 

* 

1900 
May  21 

5-158 

3-789 

nil 

nil 

3-052 

2105 

0-0900 

0-2600 

» 22 

4-271 

3-239 

nil 

nil 

2-708 

1-875 

trace 

nil 

„ 23 

5'684 

4-526 

nil 

nil 

2-368 

2-824 

nil 

nil 

„ 24 

4-631 

3-157 

nil 

nil 

2-526 

1-894 

nil 

nil 

ii  25 

5-473 

3-578 

nil 

nil 

3-578 

2105 

nil 

nil 

» 26 

Is 

5-789 

3-368 

nil 

nil 

'g 

2-526 

1-368 

nil 

nil 

1899 

-M 

03 

Dee.  12 

£ 

10897 

8-837 

nil 

t race 

2 

4-419 

2-946 

nil 

01646 

,,  21 
1900 

In 

o 

10-641 

9183 

nil 

nil 

2 

8 600 

7 580 

nil 

nil. 

Jan.  15 

o 

fc 

4-623 

3-440 

01000 

06890 

O 

3-010 

1-182 

0-0200 

3 4140 

,,  23 

3-516 

3-186 

nil 

trace 

<4 

1-868 

0-769 

0-3100 

0-6229 

24 

Ecb.  6 

2-5S0 

2-366 

nil 

0-1149 

2105 

1-496 

0-2900 

0-9898 

6-413 

3-587 

0 3300 

0-3150  ! 

2065 

1-402 

0 0500 

0-2110 

Mar.  31 

4-242 

3-282 

nil 

lost 

1-S18 

1111 

0-0300 

trace 

Apr.  10 

4-251 

4-019 

0-0300 

0*1960 

3-823 

3137 

07100 

trace 

4/ 


Table  XVI. — The  rapid  settlement  of  raw  sewage  and  the  subsequent 
treatment  of  the  e fluent  from  it,  in  a,  small  coke-bed. 


Three  fillings  of  the  bed  per  day. 


Date. 

Raw  Sewage. 

Settled  Sowage. 

SettledSewage 
as  supplied  to 
the  coke-bed. 

Coke-bed 

Effluent. 

»d 
£>  , 

*2  * 
5 a 

P 

03 

1 

Oxygen  absorbed  by 

^ Suspended 

solids. 

Oxygen  absorbed  by 

Oxygen 
absorbed  by 

Oxygen 
absorbed  by 

the  crude 
liquid 
(total 
putreseible 
matter) . 

a 

the  clear 
liquid 
(dissolved 
putreseible 
matter) . 

3 

the  crude 
liquid 
(total 
putreseible 
matter) . 

2 

the  clear 
liquid 
(dissolved 
putreseible 
matter) . 

3 

the  clear 
liquid 
(dissolved 
putreseible 
matter). 

3 

the  clear 
liquid 
(dissolved 
putreseible 
matter). 

3 

Isay 

1 

Dee. 

24 

84 

9621 

5-831 

14 

7-434 

5-539 

25 

... 

33 

9- 131 

6039 

10 

7-216 

5-743 

6-166 

4043 

26 

... 

30 

9-880 

6-141 

16 

8-677 

6-274 

5-314 

2-973 

27 

...  | 

40 

10-350 

7-289 

19 

9-329 

7-434 

5-507 

2-973 

28 

47 

11-516 

8 163 

16 

9-621 

8-017 

6-286 

2-857 

29 

17 

12-841 

7-936 

19 

10244 

7-791 

5-143 

2-429 

ff 

30 

... 

16 

11-340 

4-419 

14 

8-780 

5-357 

5-000 

2-371 

31 

... 

30 

10-267 

6-100 

16 

8-394 

4-564 

1900 

Jan. 

1 

36 

10-119 

5-801 

20 

7-737 

5-951 

4-233 

1-991 

ff 

2 

.. 

66 

9-374 

5-209 

23 

8-333 

5-357 

5-297 

2-357 

If 

3 

... 

50 

11064 

6-721 

13 

9103 

6-721 

7-204 

3-103 

ft 

4 

41 

8-590 

5-547 

14 

5-963 

5-270 

6-400 

2-941 

tf 

5 

37 

9-937 

7-609 

17 

9-316 

7-143 

6-766 

2-886 

tf 

6 

40 

9047 

5-554 

17 

7-619 

5-714 

5-466 

2-733 

If 

7 

40 

9-047 

4-920 

16 

7-777 

5-396 

ff 

8 

...  i 

34 

9-419 

6-593 

19 

8-931 

6-593 

5-286 

2-143 

ff 

9 

60 

10-334 

6-413 

26 

9-270 

5-774 

4-000 

1-867 

10 

49 

10-249 

7-299 

19 

8 696 

7-453 

4-761 

2-309 

ff 

11 

... 

34 

9-627 

6-831 

13 

8-696 

7-143 

5-339 

1-731 

?» 

12 

... 

34 

11-094 

7-143 

14 

9-271 

7-599 

6 024 

2-846 

13 

... 

36 

9*984 

6-451 

0 

8-140 

6-603 

6-574 

2-919 

48 


SOUTHERN  OUT 
Table  XVII. — The  treo.tment  of  settled 


The  number  of  fillings  of  the  beds  per  flay 


Haw  sewage. 

Effluent  from 

Oxygen  absorbed  by 

Oxygen 

Date. 

Suspended 

solids. 

1 

the  crude 
liquid 
(total 

putrescible 

matter). 

2 

the  clear 
liquid 
(total 

putrescible 

matter). 

3 

Nitrous 

Nitrogen. 

4 

Nitric 

Nitrogen. 

5 

Suspended 

solids. 

1 

the  erode 
liquid 
(total 

putrescible 

matter). 

2 

1901 

July  15  ... 

30 

5-102 

3-571 

nil 

nil 

1-632 

.,  16  ... 

36 

5-760 

4-242 

nil 

nil 

2020 

.,  17  ... 

41 

7-373 

5*555 

nil 

ml 

n 

2-626 

„ 18  ... 

34 

7’653 

4-898 

nil 

nil 

2-347 

19  ... 

18 

6-900 

4-100 

nil 

nil 

a 

2100 

A pi.  15  ... 

11 

7-179 

5-579 

nil 

nil 

.§ 

4 947 

„ 16  ... 

19 

7-127 

5-106 

nil 

nil 

S 

3-085 

„ 20  ... 

10\ 

5-252 

3-838 

nil 

nil 

1-717 

June  6 ... 

74 

10-000 

6 236 

nil 

nil 

o 

4-301 

..  21  ... 

70 

12-526 

6-000 

nil 

nil 

3-474 

Aug.  19  ... 

25 

3-637 

1-920 

nil 

nil 

2-223 

24  ... 

15! 

3-441 

2-043 

nil 

nil 

1-828 

Oct.  4 ... 

20 

4-528 

3-113 

nil 

nil 

1-320 

Four  J 

tilings  of 

1900  I 

Dec.  17  ... 

33 

5-494 

3-956 

nil 

nil 

2-747 

„ 18  ... 

24 

4-565 

3-478 

nil 

nil 

1-847 

„ 19  ... 

29 

4-674 

4-021 

nil 

nil 

1-847 

,.  20  ... 

30 

3-830 

3-404 

nil 

nil 

2127 

„ 21  ... 

24 

3-829 

3-404 

nil 

nil 

1-916 

» 22  ... 

18 

3-871 

3-333 

nil 

nil 

1-720 

Nov.  13  ... 

29 

7-246 

6-224 

nil 

nil 

w 

c3 

3-571 

„ 15  ... 

33 

5-369 

3-894 

nil 

nil 

a 

2947 

„ 28  ... 

38 

7-065 

4-782 

nil 

nil 

i 

a> 

3913 

Dec.  13  ... 

36 

7-634 

5-269 

nil 

nil 

■*3 

2-795 

„ 27  ... 

12 

3-333 

3-118 

nil 

nil 

1-720 

„ 28  ... 

14 

3-793 

3-579 

nil 

nil 

1-684 

„ 29  ... 

24 

3-063 

2 553 

nil 

nil 

1-489 

„ 31  ... 

15 

2-S42 

2-631 

nil 

nil 

1-474 

1901 

Jan.  1 ... 

20 

4-042 

3-511 

nil 

nil 

1-3S3 

22 

4-946 

4-623 

00240 

trace 

2-473 

„ 15  ... 
„ 16  ... 

29 

15 

7-824 

7-824 

5- 979 

6- 391 

trace 

nil 

trace 

nil 

u 

i' 

Conti  nu 

Continuous  feeding  of  the  bed. 


31 

6-250 

5-833 

nil 

nil 

5 

4J 

4-791 

29 

7-824 

5-979 

trace 

trace 

5 979 

15 

7-824 

6-391 

nil 

nil 

g 

6 598 

1 

29 

8 200 

6-700 

nil 

nil 

<+3 

6-400 

49 

6-176 

5-784 

nil 

nil 

5-098 

24 

5-148 

4-852 

nil 

nil 

•*3 

o 

3-366 

”1 

25 

4-059 

316S 

nil 

nil 

A 

2-871 

49 


FALL.  SERIES  III. 


sewage  in  single  coke-beds. 


varied  between  1 and  4,  and  averaged  2'5. 


No.  1 Bod. 


ubsorbed  by 

the  dear 

Nitrous 

Nitric 

liquid 

(dissolved 

putrescible 

Nitrogen. 

Nitrogen. 

matter) . 

3 

4 

5 

1-326 

00920 

nil 

1'555 

0-0700 

nil 

1-616 

0-0360 

nil 

1-735 

nil 

nil 

1-600 

0-0280 

nil 

3 789 

09400 

01060 

2-339 

0-3400 

0-3010 

1-313 

0-0420 

0-0970 

3118 

00640 

nil 

2-315 

trace 

nil 

1-314 

0-0260 

trace 

1-613 

00300 

trace 

1-037 

0-1160 

0-1850 

Effluent  from  No.  2 Bed. 

Oxygen  absorbed  by 

Suspended 

solids. 

the  crude 

the  clear 

Nitrous 

Nitric 

liquid 

(total 

putrescible 

matter). 

liquid 

(dissolved 

putrescible 

matter). 

Nitrog  n. 

Nitrogen. 

1 

2 

3 

4 

5 

1-632 

1-561 

trace 

nil 

1-999 

1-444 

0-0760 

0-0700 

2-222 

1-515 

0-0780 

nil 

2-041 

1-633 

trace 

nil 

03 

2-000 

1-500 

nil 

trace 

ci 

a 

4-842 

3 684 

0-2200 

0 7520 

3-723 

3-298 

0 5000 

0-2390 

a 

1-616 

1-111 

0-0300 

trace 

4946 

3656 

0-0560 

0-0970 

3-778 

2-315 

0-0280 

nil 

1-920 

1-516 

0-0140 

00490 

1-720 

1-290 

nil 

trace 

1-320 

1-037 

0-2340 

0'0560 

the  beds  per  day. 


1-979 

nil 

nil 

2-572 

1-867 

nil 

nil 

1-632 

nil 

nil 

1-630 

1-521 

nil 

0-0810 

1-632 

00360 

0-1370 

2-065 

1-630 

trace 

trace 

1-915 

trace 

nil 

2-127 

1*702 

nil 

nil 

1-595 

0-0900 

0-1150 

1-798 

1-595 

trace 

0-1580 

1-397 

trace 

nil 

1-505 

1-290 

0-0360 

0-0500 

2-551 

nil 

trace 

% 

3-469 

2-347 

nil 

nil 

2-430 

trace 

0-2850 

c5 

2-526 

2000 

0-0160 

0 6830 

3 043 

trace 

nil 

.5 

4-348 

2-826 

00240 

trace 

1-935 

nil 

nil 

V) 

2-903 

1-935 

nil 

0-1550 

1*505 

0-1600 

0-1094 

1-827 

1-505 

02100 

0-1162 

1-473 

0-0960 

03541 

'A 

1-684 

V158 

0-1100 

0 0163 

1-276 

0-0900 

0-2121 

1-480 

1*383 

0-0600 

0-1730 

1158 

0-2500 

01374 

1-579 

1-263 

0-0960 

0-2094 

1-276 

0-1280 

01899 

1-4S0 

1-276 

0-0740 

0-1164 

1-258 

0*0840 

0-1821 

2-258 

2-013 

01280 

0*0792 

s of  filling 

5 051 

0-1210 

0-1180 

ous  procea 

1 

6 876 

5 051 

0-0440 

C-077D 

4166 

00940 

0-1520 

5-361 

0-0900 

0*0880 

5 671 

trace 

trace 

5-600 

trace 

trace 

4-608 

nil 

nil 

2-574 

tract! 

nil 

2178 

0*0520 

C-1599 

J ahle  XVIII. — Averages  of  the  result*  of  the  analysis  of  crude  sewaje  and. 
with  the  bacterial  or  natural  treatment  of  crude  sewage  at  the 
bed  or  tank  on  the  liquid  supplied  to  it  and  the  percmUuje  purificatum 
relating  to  the  “ chemical ” treatment  of  crude  sevjaje  and,  to  the  treat 


Period  over  which  the 

averages  extend. 

Description  of 
liquid  before 

Number 

Description  of  the  liquid 

of  contact* 

Number  of 

examined. 

in 

fillinim  of  tt» 

Prom 

To 

treatment. 

8uoc-*H*ive 

beds. 

bed*  daily. 

(1) 

(2) 

(3) 

(4) 

(S) 

(«1 

NOE 

THERN 

OUTFALL. 

1 Jan., 

'll  Dec., 

Crude  sewage  

1900 

1901 

Effiuentfrom  chemical  treat- 

Crude  sewage 

ment  and  sedimentation 

Effluent  from  one-acre  coke- 

“ Chemical  ” 

1 

2 

bed 

effluent 

1 Jan., 

31  Dec., 

Crude  sewage  

1900 

1901 

Effluent  from  chemical  treat- 

Crude  sewage 

ment  and  sedimentation 

SERIES  I. 

22  Sept., 

9 Jan., 

Crude  sewage  

1898 

1899 

Effluent  from  the  primary 

Crude  sewage 

• • • 

i 

ragstone -bed 

Effluent  from  the  secondary 

Primary  - bed 

2 

l 

ragstone-bed 

effluent 

11  Jan., 

15  April, 

Crude  sewage  

... 

... 

1899 

1899 

Effluent  from  the  primary 

Crude  sewage 

2 

ragstone-bed 

Effluent  from  the  secondary 

Primary  - bed 

2 

2 

ragstone-bed 

effluent 

22  Sept.., 

9 Jan., 

1 

Crude  sewage 

1898 

1899 

Effluent  from  the  primary 

Crude  sewage 

i 

coke-bed 

Effluent  from  the  secondary 

Primary  - bed 

2 

i 

coke-bed 

effluent 

11  Jan., 

15  April, 

Crude  sewage  

... 

1899 

1899 

Effluent  from  the  primary 

Crude  sewage 

... 

2 

coke-bed 

Effluent  from  the  secondary 

Primary  - bed 

2 

2 

coke-bed 

effluent 

51 


of  the  effluents  from  each  of  the  coke-beds  and  tanks  used  in  connection 
Council's  Outfalls,  together  with  the  percentage  purification  effected  by  each 
effected  on  the  crude  sewage  by  each  method  of  treatment.  Similar  figures 
ment  of  sewage  effluent  in  the  one-acre  coke-bed  are  also  added  for  comparison. 


Oxygen  absorbed  from  permanganate  in  4 hours  at  80°  Fahr. 

Suspended 

solids. 

By  the 
crude 
liquid 
(total  pu- 
trescible 
matter) . 

Per- 
centage 
purifica- 
tion 
effected 
by  the  in- 
dividual 
tank  or 
bed. 

Per- 
centage 
purifiea- 
tion 
effected 
by  the 
whole 
treatment 

By  the 
clear 
liquid 
(dissolved 
putres- 
cible 
matter) . 

Percentage 
purification 
effected  by 
the 

individual 
tank  or  bed 

Per- 
centage 
purifica- 
tion 
effected 
by  the 
whole 
treatment 

Nitrous 

nitrogen. 

Nitric 

nitrogen. 

(7)  1 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(M) 

(15) 

54-2 

11-670 

5-684 

Not  cst 

imated. 

132 

7-117 

39-0 

... 

5-497 

3-3 

... 

0-0215 

0-0425 

Not  estimated 

1-024 

85-6 

91-2 

0-880 

84-0 

84-5 

0-0662 

0-9971 

54-2 

132 

11-670 

8-067 

30-9 

30-9 

5-684 

5-880 

No  purifi 

cation 

j-  Not  cs 

timated 

effeetjed 

) ( 

14-482 

5-377 

0-0323 

0-1119 

( Not  1 

7-903 

45-4 

4-290 

20-2 

0-0420 

0-2167 

j' estimated  ‘j 

3-096 

60-8 

78-6 

i 

2-860 

33-3 

46-8 

0-0367 

1-9056 

] ( 

14-444 

5-477 

0-0079 

01483 

! Not 

8-730 

39-6 

4-319 

21*2 

0-0106 

0-1297 

j estimated  | 

3222 

63-1 

77*7 

2-643 

38-8 

51-7 

0-2842 

2-4370 

1 I 

14-482 

5-377 

00328 

01119 

1 Not  J 

7-076 

511 

4-176 

22-3 

0-0300 

0-1254 

| estimated  | 

2-573 

63-6 

82-2 

1-890 

54-7 

64-9 

0*0476 

1-3407 

14-444 

5*477 

... 

n-0079 

0-1 483 

1 Not  J 

6-984 

61-6 

4-211 

22-6 

0-0178 

00915 

j estimated  | 

2-286 

67-3 

84-2 

2111 

50-2 

61"5 

j 0-0988 

11639 

E 


o 


52 


Feriod  over  which  the 
averages  extend. 

From 

To 

Description  of  the  liquid 
examined. 

Dincriotion  of 
liquid  before 
treatment. 

Number 
yf  cun  tact  * 

ID 

euco-tttftv* 

bed*. 

\uinW  of 
filling  of  Ik* 

bo-4*  4ajJjr. 

(1) 

(2) 

(3) 

(4) 

(5) 

m 

NOE 

rHERN 

OUTFALL.— SERIES  II. 

17  July, 
1899 

| 

18  Sept., 
1899 

Crude  sewage  

Effluent  from  primary  coarse 
coke-bed  A 

Effluent  from  secondary 
coarse  coke-bed  A 

Crude  sewage 

Primary  - bed 
effluent 

2 

(Filled  on 
J alter- 
1 natc 
l days 

4 July, 
1899 

an 

21  Sept., 
1899 

15  July, 
1899 

i 

9 Dec., 
1899 

Crude  sewage  

Effluent  from  primary  coarse 
coke-bed  A 

Effluent  from  secondary 
coarse  coke-bed  A 

Crude  sewage 

Primary  - bed 
effluent 

...  1 
2 

i 

i 

11  Dec., 
1899 

19  May, 
1900 

Crude  sewage  

Effluent  from  primary  coarse 
coke-bed  A 

Effluent  from  secondary 
coarse  coke-bed  A 

Crude  sewage 

Primary  - bed 
effluent 

2 

2 

2 

17  July, 
1899 

18  Sept., 
1899 

Crude  sewage 

Effluent  from  primary 
coarse  coke-bed  B 
Effluent  from  secondary  fine 
coke-bed  B 

Crude  sewage 

Primary  - bed 
effluent 

2 

/■Filled  on 
1 alter- 
'j  nate 
[ days 

4 July, 
1899 

an 

21  Sept., 
1899 

15  July, 
1899 
d 

9 Dec., 
1899 

Crude  sewage  

Effluent  from  primary 
coarse  coke-bed  B 
Effluent  from  secondary  fine 
coke-bed  B 

Crude  sewage 

Primary  - bed 
effluent 

2 

1 

1 

11  Dec., 
1899 

19  May, 
1900 

Crude  sewage 

Effluent  from  primary 
coarse  coke-bed  B 
Effluent  from  secondary  fine 
coke-bed  B 

... 

Crude  sewage 

Primary  - bed 
effluent 

2 

2 

2 

' SERIES  111. 

7 Nov., 
1900 

10  Aug., 
1901 

Crude  sewage  

Effluentfrom  settling  lank  A 
Effluent  from  coarse  coke- 
bed  A 

Crude  sewage 
Settled  sewagi 

i 

Varied. 
Average  12 

7 Nov.. 
1900 

^10  Aug., 
1901 

Crude  sewage  

Effl uent  f rom  settling t auk  B 
Effluent  from  fine  coke- 
bed  B 

Crude  sewage 
Sett  le<  1 st>  wag 

i 1 

... 

| Varied. 

A verage  1 -3 

53 


Oxygen  absorbed  from  perinunganute  in  *4  hours  at  80°  Fuhr. 

Suspended 

solids. 

By  the  j 
crude 
liquid 
(total  pu-  [ 
trescible  | 
matter). 

Per- 

oentage 

purifica- 

tion 

effected  < 
by  the  in- 
dividual 
tai'k  or 
bed. 

I'  r- 
Ceutage 
purifica- 
tion 

effected  1 
by  the  1 
whole  j 
veutment 

By  the 
uiear 
liquid 
(dissolved 
putres- 
cible 
matter) . 

Percentage 
purific  ition 
effected  by 
the 

individual 
tank  or  bed 

Per- 
cent  age 
puiittcn- 
tion 
effected 
by  the 
whole 
reatment 

Nitrous 
mtiogt  n. 

Nitric 

nitrogen. 

(!) 

(8) 

(0)  1 

(10) 

(U) 

(12) 

(18) 

(14) 

(15) 

!■  * 

ot  csti  mated 

I 

6-028 

3-382 

43**9 

... 

nil 

0-1911 

0-2290 

0-5962 

1 

1 

2-271 

32-9 

623 

0-1648 

1-4117 

71-6 

18-3 

11-218 

6-236 

53*8 

... 

6-135 

3-463 

43**6 

... 

00070 

01240 

0-2373 

0-7072 

6-7 

3-493 

333 

68-9 

2-274 

34-3 

62-9 

0-0875 

1-4314 

65*6 

175 

12-488 

5-927 

52"5 

... 

6-357 

3-266 

48-6 

... 

0-0264 

00743 

0-0938 

0-3878 

71 

3-739 

36"9 

70-1 

2-285 

30-0 

64-1 

0-1182 

0-9811 

I - 

ot  estim 

ated 

J 

6-028 

3-407 

43-6 

... 

nil 

0-0647 

0-2290 

0-5005 

1 

( 

1-259 

63-0 

79-1 

0-0376 

1 

2-3568 

71  -6 
13-7 

11-218 

5-334 

52*5 

... 

6135 

3-442 

43-9 

... 

1 0-0070 
01112 

0-2373 

0-5523 

3-2 

1-773 

66-8 

84-2 

1-410 

590 

77  0 

0-0679 

2-3611 

fi.', -6 
140 

12-488 

5-600 

55-2 

... 

6-357 
3"  185 

49ii 

... 

0-0264 

00573 

0-0938 

0-3281 

31 

2-328 

58-4 

81-4 

1-780 

44-1 

72-0 

0*0535 

21593 

Bfl-5 

17-7 

10-0 

12-933 

8-419 

6*100 

34-9 

39-4 

60  6 

6-882 

5-427 

3-320 

2 1*1 
38-8 

6*i*8 

0-0115 

00022 

0-0360 

00412 

0*1689 

0-7524 

67-0 

139 

3-2 

1 2-829 
8-235 
3-358 

35-8 

59-2 

78*8 

6-648 

5-341 

2-604 

19**7 

61-2 

60-8 

00106 

00022 

00567 

0*0320 

0- 1319 

1- 2931 

1‘eriod  over  which  the 
averages  extend. 

From 

To 

Description  of  tho  liquid 
examined. 

Description  of 
liquid  before 
treatment. 

Number 
of  contact, 
in 

sueoewiive 

bed*. 

Number  of 
filling,  of  u>« 
bed.  daily 

(1) 

(2) 

(3) 

(4) 

(5) 

(«) 

SOU 

THERN 

OUTFALL.— SERIES  1. 

12  July, 
1898 

7 Nov.. 
1898' 

Crude  sewage 

Effluent  from  4-foot  single 
coke-bed 

Crude  sewage 

i 

1 

22  April, 
1898 

an 

8 Nov., 
1898 

23  June, 

1898 
d 

22  Feb., 

1899 

Crude  sewage  

Effluent  from  4-foot  single 
coke-bed 

Crude  sewage 

l 

2 

1 2 July, 
1898 

22  Feb., 
1899 

Crude  sewage  

Effluent  from  primary  coke- 
bed 

Effluent  from  secondary 
coke-bed 

Crude  sewage 

Primary  - bed 
effluent 

2 

Varied. 
\verage,  D3 

SERIES  II. 

27  Feb., 
1899 

25  Mar., 
1899 

Crude  sewage  

Effluent  from  13-foot  single- 
coke-bed 

Crude  sewage 

*1 

27  Mar., 
1899 

9 Oct., 
1899 

Crude  sewage  

Effluent  from  13-foot  single 
coke-bed 

Crude  sewage 

"i 

'* 

13  Oct., 
1899 

22  Dec., 
1899 

Crude  sewage 

Effluent  from  13-foot  single 
coke-bed 

... 

Roughly  settled 
sewage 

... 

i 

2 

16  Jan., 
1900 

5 April, 
1900 

Crude  sewage  

Effluent  from  13-foot  single 
coke-bed 

Roughly  settled 
sewage 

l 

... 

3 

3 May, 
1900 

28  July, 
1900 

j Crude  sewage  

Effluent  from  13-foot  single 
coke-bed 

1 

Settled  sewage 

l 

4 

7 Nov., 
1899 

26  May, 
1900 

Crude  sewage  

Effluent  from  4-foot  single 
coke-bed 

Settled  sewage 

i 

Continuous 

feed 

24  Dec., 
1899 

13  Jan., 
1900 

| 

j Crude  sewage  

Settled  sewage 
Settled  sewage  n“  supplied 
to  the  coke-bed 
Effluent  from  the  small  tank 
coke-bed 

Crude  sewage 
Crude  sewage 

Settled  sewage 

••• 

, 

... 

3 

55 


Oxygen  absorbed  from  permanganate  in 

4 hours  at  80°  Fahr. 

Suspended 

solids. 

By  the 
crude 
liquid 
{total  pu- 
trescible 
matter). 

Per- 
centage 
purifica- 
tion 
effected 
by  the  in- 
dividual 
tank  or 
bed. 

Per- 
centage 1 
purifica- 
tion 
effected 
by  the 
whole 
treatment 

By  the 
clear 
liquid 
(dissolved 
putres- 
cible 
matter) . 

Percentage 
purification 
effected  by 
the 

individual 
tank  or  bed 

Per- 
centage 1 
purifica- 
tion 

effected  | 
by  the 
whole 
treatment 

Nitrous 

nitrogen. 

Nitric 

nitrogen. 

(7) 

(8) 

(9) 

(10)  1 

(11) 

(12) 

(13) 

(14) 

(15) 

1 N 

ot  estim 

ated 

{ 

6-257 

2-346 

55*4 

5*5-4 

nil 

0*0429 

0-0068 

0-1183 

36*4 

f 

Not 

estimat 

ed  * 

5-286 

... 

... 

0-0029 

00033 

1-8  J 

l 

2-613 

50-6 

50-6 

0-0398 

01434 

l j 
1 " 

ot  estim 

ated 

( 

'| 

5-170 

2-802 

45-8 

... 

0-0019 

0-0255 

0-0045 

0-1136 

] 

l 

1-725 

38-4 

66-6 

1 0-0892 

0-3916 

1 

ot  estim 

ated 

{ 

4-856 

2-268 

63**3 

53*3 

0-0026 

0-0270 

nil 

0-0693 

297 

N 

ot  estima 

ted 

4-826 

2-546 

47-2 

4*7*2 

0-0034 

0-0365 

0-0023 

0-1673 

1 Not  ( 
f estimated  ( 

10110 

3-748 

62-9 

62*9 

6-522 

2-753 

57"8 

5*7*8 

0-0014 

0-0540 

0-0048 

0-1778 

) Not  ( 
1 estimated  | 

7-274 

3-446 

52-6 

62-6 

5-442 

2-601 

62-2 

6*2*2 

0-0623 

0-0881 

0-0884 

0-4288 

1 Not  j 
) estimated  | 

6-449 

2-365 

... 

56-6 

66*6 

3-904 

1-731 

55-7 

65*7 

nil 

0-0168 

nil 

0-0256 

I Not  ) 
f estimated  | 

| 6-708 
3-379 

40-8 

... 

40-8 

i 4-876 
! 2-234 

48*9 

18-9 

0-0124 

0-0781 

0-0343 

0*2262 

43-9 

16-4 

1 - 

10136 

8-503 

ot  estim 

16*1 

ated 

1 

... 

j 

1 

i 6-381 
6-364 
5 603 

2-637 

00-4 

12-2 

52-9 

... 

... 

58-7 

' 

VNot  es 

timated 

Period  over  which  the 
averages  extend. 

From 

To 

Description  of  the  liquid 
examined. 

Description  of 
liquid  before 
treatment. 

Number 
of  oonUcU 
in 

lUMWlvt 

bed*. 

Numbrrof 
filling*  of  u.« 
beds  daily. 

0) 

(2) 

0) 

(4) 

(S) 

(«) 

SOUTH 

ERN  OU 

TFALL.— SERIES  III. 

1 Nov., 
1900 

10  Jan., 
1901 

Crude  sewage  

Settled  sewage  

Settled  sewage  as  supplied 
No.  1 coke-bed 
Effluent  from  No.  1 coke- 
bed 

Crude  sewage 
Crude  sewage 

Settled  sewage 

1 

4 

14  Jan., 
1901 

21  Jan., 
1901 

Crude  sewage 
Settled  sewage 
Settled  sewage  as  supplied 
to  No.  1 coke-bed 
Effluent  from  No.  1 coke- 
bed 

Crude  sewage 
Crude  sewage 

Settled  sewage 

1 

Continuous 

feed 

15  April, 
1901 

4 Oefc., 
1901 

Crude  sewage 

Settled  sewage  

Crude  sewage 

... 

Settled  sewage  as  supplied 
to  No.  1 coke-bed 
Effluent  from  No.  1 coke- 
bed 

Crude  sewage 
Settled  sewage 

... 

1 

... 

Varied. 
Average  2‘ 5 

1 Nov., 
1900 

21  Jan., 
1901 

Crude  sewage  

Settled  sewage  

Settled  sewage  as  supplied 
to  No.  2 coke-bed 
Effluent  from  No.  2 coke- 
bed 

Crude  sewage 
Crude  sewage 

Settled  sewage 

1 

4 

15  April, 
1901 

4 Oct., 
1901 

Crude  sewage  

Settled  sewage  

Crude  sewage 

... 

... 

Settled  sewage  as  supplied 
to  No.  2 coke-bed 
Effluent  from  No.  2 coke- 
bed 

Crude  sewage 
Settled  sewage 

1 

Varied. 
Average  2-5 

1 Jan., 
1900 

31  Dec., 
1901 

j Crude  sewage  

, Effluent  from  chemical  treat- 
ment and  sedimentation 

Crude  sewage 

... 

... 

Ol 


Oxygen  absorbed  trom  permanganate  in  4 hours  at  80“ 

Fahr. 

Suspended 

solids. 

By  the 
crude 
liquid 
(total  pu- 

Per- 

oentape 

purifica- 

tion 

effected 

P-r- 
centape 
purifica-  1 
tion 

By  the 
clear 
liquid 
(dissolved 

Percentage 
purific  ition 
effected  by 

Per- 
cent ape 
purifica- 
tion 

Nitrous 

nitrogen. 

Nitric 

nitrogen. 

trcscible 

matter). 

by  the  in- 
dividual 

by  the  | 
whole  | 

putres- 

Gible 

individual 
tank  or  bed 

by  the 
whole 

1 

tank  or 
bed. 

treatment 

matter) . 

treatment 

n ! 

(81 

19)  1 

(10) 

(11) 

(12) 

(13) 

(H) 

(15) 

241 

4-830 

j 

3-956 

0-0005 

nil 

11-6 

4-353 

9-9 

3803 

3-9 

... 

nil 

nil 

) Not  { 

4-487 

7-1 

... 

3-563 

9-9 

... 

0-0012 

nil 

J estimated  l 

2-257 

49-7 

53-3 

1-805 

49-3 

54-4 

0-0305 

0-0586 

28-9 

6-497 

6-530 

nil 

nil 

184 

5-681 

12-6 

5-125 

7 3 

... 

0-0091 

nil 

1 Not  ( 
J estimated  <• 

6-121 

5-8 

... 

5-187 

6-2 

••• 

0-0046 

nil 

5"015 

18-1 

22-8 

4-308 

16-9 

22-1 

0-0337 

00571 

253 

6-327 

4-066 

... 

nil 

nil 

14-2 

5-596 

ii-5 

... 

4-141 

No  purifica- 
tion effected 

... 

nil 

nil 

X Not  { 

J estimated  l 

5*529 

12-6 

... 

3-776 

7-1 

... 

0-0003 

nil 

2-379 

570 

62-4 

1-732 

54-1 

57-4 

1 

0-0956 

0-0451 

24-7 

4-983 

4113 

0-0004 

nil 

12-4 

4-452 

10-7 

... 

3-914 

4-8 

0-0012 

nil 

4-671 

6-3 

... 

3-737 

91 

... 

00011 

0-0024 

Not 

estimated 

2-465 

472 

50*5 

1-989 

46-8 

516 

0-0314 

0-0876 

2.V3 

6-327 

4-066 

nil 

nil 

14-2 

5-596 

1*1-5 

... 

4141 

No  purifica- 
tion effected 

... 

nil 

nil 

) Not  / 

| 5-481 

13-4 

... 

3-820 

60 

... 

0-0010 

nil 

J estimated  | 

£•452 

55*3 

61-2 

1-802 

52-8 

56-7 

0*0942 

0-0626 

41-4 

, 8-231 

5-319 

| Not  cs 

( imated 

81 

i 5-948 

27-8 

27 -8 

4-683 

1*1-9 

lT-9 
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I'  rom  .1  able  XV  HI.  it.  will  be  seen  that  the  suspended  solids  (column  7 ) 
were  removed  practically  to  the  same  extent  by  the  settling  tank  of 
Series  III.  at  the  Northern  Outfall  as  by  the  primary  beds  of  Series  li. 
There  was,  therefore,  a distinct  gain  in  using  settling  tanks  instead 
of  primary  beds,  since  the  suspended  matter  which  was  left  in  the  tanks 
was  largely  composed  of  mineral  substances  and  of  substances  not 
readily  decomposed  by  bacterial  action,  and  which  in  previous  experi- 
ments had  been  found  to  choke  the  primary  beds.  In  a permanent 
installation  of  bacteria-beds  it  is  proposed  that  in  addition  to  the 
ordinary  settling  tanks,  preliminary  settling  tanks  or  “ detritus  chambers r’ 
should  be  used  for  the  removal  of  road  detritus. 

With  reference  to  the  purification  effected  by  the  coke-beds,  as 
estimated  by  the  relative  amounts  of  oxygen  absorbed  from  perman- 
ganate by  the  crude  sewage  and  by  the  final  effluent  from  any  particular 
experiment  (columns  8 and  11),  that  effected  in  the  experiments  of 
Series  III.  was  generally  lower  than  in  any  of  the  other  experiments  carried 
out  at  the  Northern  Outfall.  It  should,  however,  be  borne  in  mind  that 
in  the  experiments  of  Series  III.  the  sewage  was  subjected  to  only  one 
contact  in  coke-beds,  whereas  in  all  the  experiments  of  Series  T.  and  II. 
it  was  subjected  to  two  contacts  in  successive  beds  (column  5). 

It  should  be  noted  that  the  variation  in  the  amount  of  purification 
effected  by  the  beds  when  they  received  two  fillings  per  day,  as 
compared  with  that  effected  when  they  received  only  one  filling  per 
day,  was  not  always  consistent,  since  sometimes  the  amount  of  puri- 
fication effected  increased  with  the  number  of  fillings  of  the  bed 
per  day. 

When  the  figures  relating  to  the  experiments  are  considered,  the 
amount  of  purification  effected  is  seen  to  have  been  influenced  in  a more 
regular  manner  by  variations  in  the  number  of  fillings  per  day  of  the  coke- 
beds  at  the  Southern  Outfall  than  it  was  at  the  Northern  Outfall.  The 
only  apparent  exception  to  this  regidar  variation  occurred  during  the 
experiments  of  Series  II.  This  apparent  exception  is,  however,  most 
important  as  showing  the  value  of  a previous  settlement  of  the  sewage. 
It  will  be  observed  that  while  the  4-foot  bed  was  being  increased  in 
depth  to  form  the  1 o-foot  single  coke-bed  of  Series  II.  it  was  filled  only 
once  per  clay.  At  the  end  of  a month  the  bed,  which  was  still  under 
18  feet  in  depth,  was  filled  twice  per  clay,  and  although  the  efficiency  of 
the  bed  was  probably  increasing  daily  yet  the  amount  of  purification 
effected  fell  during  the  time  it  received  two  fillings  per  day  (column  12). 
The  next  modification  of  the  experiments  with  this  bed  was  the  rough 
settlement  of  the  sewage  before  it  passed  on  to  the  coke-bed.  Reference 
to  column  12  will  show  that  this  rough  settlement  increased  the 
amount  of  purification  effected.  After  the  bed  had  been  dealing  with 
two  fillings  per  clay  of  roughly  settled  sewage  for  about  two  months, 
the  fillings  were  increased  to  three  per  day  and  the  purification  effected 
consequently  decreased  in  amount  (columns  0 and  12).  The  next  and 
last  change  in  the  experiments  of  Series  II.  was  to  subject  the  sewage 
to  more  perfect  sedimentation  and  to  fill  the  bed  four  times  per  day. 
Notwithstanding  the  extra  work  appaiently  imposed  upon  the  bed  by 
this  increase  in  the  number  of  fillings,  the  percentage  amount  of  puri- 
fication effected  increased,  and  there  is  every  reason  to  believe,  that  this 
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was  largely,  if  not  entirely,  due  to  the  more  perfect  sedimentation  ot 
the  sewage  previous  to  its  treatment  in  the  coke-bed. 

The  experiments  of  Series  III.  were  conducted  on  lines  similar  to 
those  which  were  adopted  in  the  last  stage  of  the  experiments  of 
Series  II.  The  amount  of  purification  effected  was  slightly  less  while 
the  beds  received  four  fillings  per  day  than  it  was  during  the  last  period 
of  the  previous  series,  when  the  same  number  of  fillings  was  made. 
When  the  number  of  fillings  was  reduced  the  purification  increased  in 
amount. 

The  amount  of  nitric  nitrogen  estimated  in  the  various  effluents 
during  the  experiments  at  the  Southern  Outfall  was  not  always  as  con- 
cordant as  it  was  at  the  Northern  Outfall.  The  variations,  however,  were 
not  so  great  as  to  call  for  any  special  observations  thereon  and  were 
probably  due  to  the  influence  of  salt  water. 


XIII.  Methods  employed  in  making  the  chemical  examinations  of 

THE  SEWAGE  AND  OF  THE  VARIOUS  EFFLUENTS. 

Throughout  the  experiments  on  the  bacterial  treatment  of  the  London 
sewage  at  the  Outfall  Works  of  the  London  County  Council  the  following 
estimations  were  made  in  the  crude  sewage  and  in  the  various  effluents. 

1.  The  total  amount  of  suspended  matter. 

2.  The  amount  of  oxygen  absorbed  from  permanganate 

(a)  By  the  various  liquids  in  their  natural  condition. 

( h ) By  the  various  liquids  after  they  had  been  filtered  by 
means  of  ordinary  filter  paper. 

3.  The  amount  of  nitrogen  present  in  the  form  of  nitrite  (nitrous 

nitrogen). 

4.  The  amount  of  nitrogen  present  in  the  form  of  nitrate  (nitric 

nitrogen). 

All  quantities,  except  where  otherwise  stated,  are  expressed  in  parts 
per  100,000.  To  convert  parts  per  100,000  into  grains  per  gallon, 
multiply  by  0-7 ; to  convert  grains  per  gallon  into  parts  per  100,000, 
multiply  by  -LP. 

1.  The  total  amount  of  suspended  matter  in  the  raw  sewage  and  in 
the  various  effluents  was  estimated  bjr  evaporating  100  cubic  centi- 
metres of  the  liquid  to  dryness  and  then  weighing  the  residue.  Another 
portion  of  the  liquid  was  passed  through  ordinary  filter  paper  and  100 
cubic  centimetres  of  this  filtered  liquid  were  evaporated  to  dryness  and 
the  residue  was  weighed.  The  difference  between  the  weights  of  the 
residues  from  the  two  separate  100  cubic  centimetre  portions  was  the 
weight  of  the  suspended  solids  in  100  cubic  centimetres  of  the  liquid 
and  from  this  weight  the  parts  per  100,000  were  calculated. 

I he  removal  of  suspended  solids  from  a putrescible  liquid  is  the  first 
step  towards  the  purification  of  that  liquid. 

I he  important  constituent  of  the  suspended  solids  is,  however,  the 
organic  matter,  or  that  portion  which  if  left  undisturbed  eventually 
decomposes  and  generally  gives  rise  to  unpleasant  and  noxious  products. 
It  is  this  decomposition  which  should  be  carried  out  more  or  less  com- 
pletely in  the  settling  or  “septic”  tank  and  finally  in  the  bacteria-bed. 
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The  removal  of  the  suspended  solids  in  the  bacterial  treatment  of 
sewage,  so  far  as  it  relates  to  the  organic  matter,  is  really  the  resolution 
oi  such  matter  into  the  liquid  and  gaseous  forms. 

The  other  constituent  of  the  suspended  solids  is  mineral  matter  and 
this  portion  should  be  settled  out  in  a detritus  chamber  previous  to  the 
sewage  passing  through  the  settling  tank  and  subsequently  through  the 
coke-bed. 

The  removal  of  the  suspended  solids  from  a liquid  which  has  to  undergo 
bacterial  treatment  in  a coke-bed  is  therefore  the  first  step  towards  the 
purification  of  that  liquid,  and  should  take  place  as  much  as  possible  in 
the  settling  or  “ septic  ” tank ; the  action  of  the  coke-bed  being  more 
particularly  restricted  to  the  purification  of  the  liquid  from  dissolved 
putrescible  matter. 

2.  The  amount  of  oxygen  absorbed  from  permanganate  by  the  various 
liquids  was  estimated  by  treating  a measured  quantity  of  the  liquid  in  a 
stoppered  bottle  with  a measured  quantity  of  a standand  solution  of 
potassium  permanganate  and  sulphuric  acid.  The  bottle  containing 
the  liquid  was  then  placed  for  four  hours  in  a constant  temperature 
chamber  which  was  kept  at  80°  F.  At  the  end  of  this  time  the 
bottle  was  removed  from  the  constant  temperature  chamber  and  the 
potassium  permanganate  which  had  not  been  affected  or  deprived  of  its 
oxygen  was  estimated  by  adding  a solution  of  iodide  of  potassium  to  the 
solution  in  the  bottle  and  then  titrating  it  with  a standardised  solution 
of  sodium  hyposulphite.  Towards  the  completion  of  the  titration  a 
solution  of  starch  was  added  as  an  indicator. 

Two  estimations  of  the  amount  of  oxygen  absorbed  were  made  in  each 
liquid.  In  one  case  the  liquid  used  was  in  the  condition  as  collected, 
and  in  the  other  case  the  liquid,  before  treatment  with  the  reagents 
mentioned  above,  was  filtered  through  ordinary  filter  paper.  The  results 
of  these  two  estimations  are  respectively  set  forth  in  the  tables  in  this 
book  under  the  headings  “ Oxygen  absorbed  from  permanganate,  in  4 
hours  at  80°  F.  by  the  crude  liquid  (total  putrescible  matter)"  and 
“Oxygen  absorbed  from  permanganate  in  4 hours  at  80°  F.  by  the 
clear  liquid  (dissolved  putrescible  matter).” 

These  estimations  are  to  some  extent  a measure  of  the  putrescibility 
of  the  liquid. 

The  oxygen  is  absorbed  by  oxidisable  matter  either  floating  in  the 
liquid  as  minute  solid  particles  or  as  oxidisable  matter  dissolved  in  the 
liquid.  The  estimations  under  the  heading  “ Oxygen  absorbed 
by  the  crude  liquid  ” include  both  dissolved  and  suspended  oxidisable 
matter,  whereas  those  under  the  heading  “Oxygen  absorbed 
by  the  clear  liquid”  include  the  dissolved  oxidisable  matter  only. 

In  the  second  volume  of  the  Interim  Report  of  the  Commissioners 
appointed  in  1898  to  inquire  and  report  what  methods  of  treating  and 
disposing  of  sewage  may  properly  be  adopted,  Professor  lv  A.  Letts, 
D.Sc.,  Ph.D.,  gives  evidence  on  page  479  respecting  the  absorption  by 
sewage  of  oxygen  from  permanganate  and  from  t lie  oxygen  dissolved  in 
seawater.  As  the  result  of  determinations  he  says  that  “the  amount 
of  oxygen  actually  absorbed  ’ from  that  dissolved  in  sea  water  ‘ "as 
about  three  times  as  great  as  the  amount  shown  by  the  permanganate 
test,” 
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Notwithstanding  this  evidence,  which  may,  however,  furnish  a factor 
for  ascertaining  the  actual  amount  of  oxygen  which  an  impure  liquid 
would  absorb  from  that  dissolved  in  a more  pure  liquid  when  the  two 
liquids  are  mixed  together,  the  estimation  of  the  amount  of  oxygen 
absorbed  from  permanganate  has  its  value  as  a means  of  comparison 
between  different  liquids  and  as  a means  of  measuring  the  amount  of 
purification  effected  by  any  method  of  sewage  treatment. 

3.  The  nitrous  nitrogen  in  the  various  liquids  was  estimated  by 
Griess’s  method.  The  quantity  of  liquid  and  the  degree  of  dilution 
most  convenient  for  examination  were  determined  by  a rough  pre- 
liminary titration.  The  liquid  was  diluted  with  water  free  from  nitrite, 
and  100  cc.  of  it  were  placed  in  a Nessler  glass  with  1 cc.  of  meta- 
phenylene-diamine  and  1 cc.  of  dilute  sulphuric  acid  (one  of  acid  to 
two  of  water).  The  colour  produced  was  then  matched  by  treating  in 
a similar  manner  a standard  solution  of  potassium  nitrite,  made  up  to 
100  cc.  until  water  free  from  nitrite.  The  liquids  in  the  Nessler  glasses 
were  allowed  to  stand  for  about  20  minutes  before  the  final  comparison 
was  made. 

4.  The  nitric  nitrogen  was  estimated  before  September,  1898,  by 
means  of  the  action  of  the  copper-zinc  couple.  A portion  of  the  liquid 
under  examination  was  allowed  to  stand  over-night  in  an  accurately 
stoppered  bottle  with  a piece  of  zinc  covered  with  a black  deposit  of 
spongy  copper  which  had  been  obtained  by  immersing  it  in  a solution 
of  copper  sulphate.  The  action  of  the  “ couple  ” converted  the  nitrite 
and  nitrate  into  ammonia.  The  ammonia  thus  formed,  together  with 
that  previously  present  in  the  liquid,  was  then  estimated  directly  by  the 
Nessler  process  without  previous  distillation.  From  the  amount  of 
nitrogen  thus  found  the  quantities  of  nitrogen  in  the  free  ammonia  and 
in  the  nitrite  in  the  original  liquid  were  deducted,  and  the  amount  of 
nitrogen  as  nitrate  was  obtained. 

Since  September,  1898,  the  nitrogen  as  nitrite  and  nitrate  has  been 
estimated  by  Crum’s  process  as  it  is  described  on  pp.  430-432  of 
Sutton’s  Handbook  of  Volumetric  Analysis.  The  nitrite  and  nitrate 
were  acted  upon  by  sulphuric  acid  used  in  the  presence  of  metallic 
mercury,  and  the  resulting  nitric  oxide  was  measured.  The  quantity  of 
nitrogen  in  the  nitric  oxide  thus  estimated,  minus  the  quantity  of 
nitrogen  as  nitrite  estimated  by  Griess’s  method,  represented  the 
quantity  of  nitrogen  in  the  liquid  as  nitrate. 

The  process  for  the  estimation  of  nitrogen  as  nitrate  which 
necessitated  the  previous  estimation  of  the  tree  ammonia  in  the  various 
liquids  was  only  in  use  during  the  earlier  experiments  and  was  used 
for  only  a short  time  at  the  commencement  of  the  experiments  on  the 
treatment  of  crude  sewage.  When  the  Crum’s  process  was  adopted  for 
the  estimation  of  nitrate,  the  estimation  of  the  ammonia  in  the  various 
liquids  was  abandoned.  The  estimations  of  ammonia  have  therefore 
not  been  inserted  in  this  book. 

Nitrite  and  nitrate  in  an  effluent  are  present  as  products  of  the 
oxidising  action  of  nitrifying  bacteria  in  the  coke-bed.  Their  amount 
measures  the  extent  to  which  oxidation  and  purification  have  taken 
place.  A nitrate  is  a fully  oxidised  product  while  a nitrite  is  a partially 
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oxidised  product.  Both  are  produced  by  the  oxidation  of  nitrogenous 
compounds  present  in  the  sewage.  Their  presence  and  permanence 
indicate  that  purification  of  the  sewage  has  taken  place,  since  they 
cannot  exist  in  raw  sewage.  It  lias  been  shown  that  the  presence  of 
nitrate  in  an  effluent  may  prevent  the  putrefaction  of  a certain  amount 
of  organic  substances  from  occurring  in  another  effluent  with  which  the 
nitrate  effluent  has  been  mixed. 

XIV.  Alteration  oe  method  of  treatment  suggested  by  the 

EXPERIMENTS. 

The  present  method  of  dealing  with  the  London  sewage  is  by  treat- 
ment with  solutions  of  lime  and  of  protosulphate  of  iron,  followed  by 
sedimentation  in  settling  channels.  The  effluent  from  this  process  is 
allowed  to  flow  into  the  river  Thames  and  the  sediment  or  sludge  is 
carried  out  and  discharged  on  a falling  tide  in  the  estuary  of  the  river. 
The  introduction  of  this  method  of  treatment  was  the  means  of  consider- 
ably improving  the  condition  of  the  water  of  the  river  Thames  below 
London,  but  at  that  time  it  was  stated  that  the  sewage  effluent  would 
still  carry  into  the  river  a large  amount  of  putrescible  matter  in  solution, 
and  it  was  recommended  that,  as  opportunity  occurred,  the  effluent 
should  be  further  treated  on  land  or  by  other  means,  before  it  entered 
the  river. 

As  no  suitable  land  was  available  at  the  Council’s  Outfall  Works,  land 
treatment  was  not  seriously  considered,  but  on  the  publication  of  the 
Massachusetts  experiments  on  the  bacterial  purification  of  sewage  in 
coke-beds,  a series  of  experiments  was  started  by  the  London  County 
Council  with  a view  to  obtaining  information  as  to  the  suitability  of  the 
process  to  the  treatment  of  London  sewage. 

At  first  the  experiments  at  the  Council’s  Outfall  Works  were  con- 
cerned only  with  the  treatment  of  the  effluent  from  the  “ chemical 
sedimentation  ” process.  The  results  obtained  were  so  satisfactory  as  to 
warrant  an  extension  of  the  experiments  in  the  direction  of  the  treat- 
ment of  crude  sewage. 

The  result  of  the  later  experiments  with  crude  sewage  has  been  such 
as  to  show  that  the  sewage  of  London  can  be  satisfactorily  treated  on 
the  following  lines. 

] . The  crude  sewage  as  it  arrives  at  the  Outfall  W orks,  and  after  it 
has  been  deprived  by  “ screening  ” of  the  coarser  matters  only,  would 
be  allowed  to  flow  through  a catch  pit  or  detritus  chamber  in  which  a 
lawe  proportion  of  solid  suspended  mineral  matter  would  be  deposited. 
The  rate  of  flow  through  the  detritus  chamber  would  be  regulated  in 
such  a manner  as  to  allow  of  the  deposition  of  a maximum  quantity  of 
the  heavier  mineral  matter,  such  as  road  detritus,  with  a minimum 
quantity  of  the  putrescible  matter.  With  a suitable  rate  of  flow,  the 
deposited  matter  in  the  detritus  chamber  should  consist  almost  entiieh 
of  road  detritus,  which  could  be  deposited  on  waste  land  without 
becoming  offensive  or  injurious. 

2.  After  passing  through  the  detritus  chamber,  the  sewage  would 
pass  through  the  present  settling  channels,  at  such  a rate  that  it  would 
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remain  in  the  channel  about  G hours.  The  sediment  or  “ sludge  ” 
would  not  be  removed,  but  would  be  allowed  to  remain,  and  to  be 
removed  by  so-called  “ septic  ” bacterial  action.  This  bacterial  action 
would  at  first  be  feeble,  but  after  the  channel  had  been  working  for 
some  weeks,  the  action  would  become  much  more  energetic  owing  to  the 
gradual  increase  in  the  number  of  suitable  bacteria.  When  the  action 
in  the  channel  had  become  fully  established,  a very  large  proportion  of 
the  sediment  or  “ sludge  ” would  disappear  partly  as  gas  and  partly  by 
being  liquefied.  It  might  be  necessary  at  long  intervals  to  remove 
some  “ sludge  ” from  the  settling  channels,  but  much  less  sludge  would 
be  produced  than  is  at  present  produced  by  the  “ chemical  sedimen- 
tation” treatment.  During  the  experiments  (Series  III.)  at  the  Southern 
Outfall  Works  on  the  sedimentation  of  sewage  previous  to  its  treat- 
ment in  bacteria-beds,  it  was  found  that  41*2  per  cent,  of  the  total  solid 
matter  suspended  in  the  sewage,  including  road  detritus,  was  resolved 
into  the  liquid  and  gaseous  forms  by  the  action  in  the  settling  tank : 
this  amounts  to  71 ’4  per  cent,  of  the  organic  matter  suspended  in  the 
sewage,  excluding  the  road  detritus. 

Considerable  economy  would  therefore  result  from  the  induction  in 
the  amount  of  sludge  requiring  transport  to  the  estuary,  and  a further 
economy  would  be  effected  by  discontinuing  the  addition  of  chemicals 
to  the  sewage,  as  not  only  would  the  cost  of  the  chemicals  be  saved, 
but  also  the  cost  of  carrying  them  away  in  the  sludge. 

3.  The  next  step  in  the  process  of  treatment  suggested  by  the 
experiments  at  the  Council’s  outfalls  is  the  purification  of  the  effluent 
from  the  settling  channels  in  the  bacteria-beds.  The  effluent  would 
be  drawn  from  below  the  level  of  the  sewage  in  the  channel  in  order  to 
avoid  the  disturbance  of  any  scum  which  may  have  formed  on  the  surface 
of  the  sewage.  By  this  means  the  effluent  drawn  from  the  channel 
would  contain  a minimum  quantity  of  suspended  matter;  it  would 
certainly  not  contain  any  suspended  matter  which  would  choke  the 
bacteria-bed  either  permanently  or  for  a lengthened  period. 

The  effluent  as  it  leaves  the  “septic”  channel  must  undergo  some 
mechanical  process  of  aeration  in  order  to  remove  sulphuretted 
hydrogen.  This  may  be  effected  by  allowing  the  liquid  to  fall  through 
a perforated  tray,  so  as  to  break  it  up  into  separate  streams. 

The  channel  effluent  would  be  supplied  to  the  bacteria-bed  until  the 
liquid  was  level  with  the  top  of  the  coke  forming  the  bed,  and  would 
be  allowed  to  remain  for  two  hours  in  the  bed.  At  the  expiration  of 
this  time  the  liquid  would  be  drawn  off,  and  the  bed  would  be  allowed 
to  rest  empty  until  it  is  time  to  fill  it  again.  It  has  been  found 
possible  to  carry  out  four  fillings  of  the  bed  per  24  hours  ; with  this 
number  of  fillings  the  resting  period  of  the  bed  would  extend  to  about 

hours  after  each  filling  and  emptying.  The  effluent  drawn  from  the 
bed  is  then  sufficiently  pure  for  admission  into  the  lower  Thames.  It 
would  never  lead  to  offensive  smell  or  deaeration  of  the  river  water,  and 
would  readily  support  fish  life. 

It  was  found  that  sewage  could  be  dealt  with  at  the  rate  of  4,356,000 
gallons  per  acre  in  24  hours  in  a coke-bed  G feet  in  depth. 

The  above  are  the  main  points  in  the  bacterial  treatment  of  London 
sewage  as  suggested  by  the  experiments  conducted  at  the  Council’s 
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Outfall  Works.  But  it  should  be  borne  in  mind  that  while  these 
experiments  guarantee  a successful  and  satisfactory  result  being 
obtained  on  the  large  scale,  they  were  conducted  with  plant  very  much 
smaller  than  even  a unit  of  the  total  plant  that  would  be  necessary 
for  treating  the  whole  of  the  sewage  of  London.  Under  these  circum- 
stances it  would  be  well  to  commence  the  treatment  on  the  large  scale 
by  constructing  and  working  with  several  unit  beds  before  proceeding 
to  construct  the  whole  installation. 
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INTRODUCTION  TO  DIVISION  II. 


In  February,  1898,  I was  directed  by  the  Main  Drainage  Committee 
of  the  London  County  Council  to  investigate  from  the  bacteriological 
point  of  view,  the  experiments  in  progress  at  the  Northern  Outfall 
Works  (Barking)  and  at  the  Southern  Outfall  Works  (Crossness),  on  the 
bacteria-bed  treatment  of  sewage.  This  investigation  occupied  two 
years,  and  four  reports  and  a supplementary  report  have  been  published 
on  the  subject.  The  reports  being  now  out  of  print,  the  Council  have 
asked  me  to  assist  Dr.  Clowes  in  preparing  a statement  embodying  in  a 
condensed  form  the  chief  results  of  our  chemical  and  bacteriological 
investigations. 

At  the  time  when  this  enquiry  was  commenced,  hardly  anything  was 
known  of  the  biological  composition  of  effluents  from  bacteria-beds. 
Valuable  reports,  however,  had  been  published  on  the  bacteriology  of 
crude  sewage.*  Nevertheless,  none  of  these  reports,  notwithstanding 
their  high  order  of  merit,  seemed  to  contain  precisely  the  kind  of 
information  necessary  in  order  to  allow  of  a useful  comparison  being 
made  between  the  effluents  from  bacteria-beds  and  the  corresponding 
samples  of  raw  sewage.  It  was,  for  example,  of  vital  importance  from 
the  health  point  of  view  to  determine  how  far,  if  at  all,  sewage  became 
modified,  in  its  biological  characters  as  the  result  of  its  treatment  in 
bacteria-beds.  But  to  obtain  information  on  this  as  well  as  on  other 
points  of  great  importance,  it  seemed  to  be  necessary  to  introduce  some 
new  features  into  the  methods  previously  in  use  for  the  bacteriological 
examination  of  sewage.  Strictly  speaking  and  as  a counsel  of  perfec- 
tion, the  proper  procedure  would  have  been  to  determine,  antecedent  to 
a similar  survey  of  the  bacteria  flora  of  the  effluents  from  the  bacteria- 
beds,  not  only  the  presence,  but  the  relative  abundance,  of  all  the 
different  kinds  of  bacteria  in  multiple  samples  of  crude  sewage.  But 
this  would  have  been,  if  not  an  impossible  task,  at  all  events  the 
work  of  many  years.  It  thus  became  necessary  to  limit  the  observations 

* For  example Mr.  Jordan  : Reports  of  the  State  Board  of  Health  of  Massa- 
chusetts (1888-90.  Part  II.).  Sir  Henry  Roscoe  and  Mr.  Lund  : Transactions  of  the 
Royal  Society  (1892).  Mr.  J.  Parry  Laws  and  Ur.  Andrcwes : Micro-organisms  of 
Sewage  (1894) — London  County  Council. 
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to  the  detenu i nation  of  the  relative  abundance  of  one  or  more  species 
of  microbes  in  the  crude  sewage  and  effluents.  In  the  past,  the  practice 
has  largely  been  to  determine  the  total  number  of  bacteria  of  all  sorts 
present  in  a substance  and  perhaps  to  add  a few  brief  notes  as  to  the 
presence  or  absence  of  particular  microbes,  but  without  special  reference 
to  the  relative  abundance  of  such  microbes.  Such  a method  of  exam- 
ination could  hardly  be  regarded  as  a satisfactory  means  of  comparing 
untreated  crude  sewage  with  the  effluents  from  bacteria-beds,  that  is, 
of  measuring  the  biological  status  of  an  effluent  in  its  possible  relation 
to  disease.  It  needs  to  be  remembered  that,  at  the  commencement  of 
this  enquiry,  there  were  no  trustworthy  data  enabling  sanitarians 
to  judge  how  far  the  effluents  from  bacteria-beds  should  be  regarded  as 
dangerous  to  health.  Since  then,  as  a result  of  the  investigations 
described  in  this  report,  in  opening  two  separate  discussions  at  the 
British  Medical  Association  meetings  held  at  Ipswich  (1900)*  and  at 
Cheltenham  (1 901  )f  it  was  considered  advisable  to  sound  a note  of 
warning  as  regards  the  danger  of  too  readily  accepting  as  true  any  state- 
ments seeking  to  prove  the  non-pathogenic  qualities  of  the  effluents  from 
bacteria-beds.  But  it  must  be  specially  noted  that  this  is  a separate 
question  altogether  from  the  future  possibilities  of  the  bacteria-bed 
treatment  of  sewage  when  considered  from  the  economic  and  practical 
point  of  view,  and  in  those  cases  when  the  effluent  is  destined  to  be 
discharged  into  a non-drinking  water  stream.  In  this  direction,  my 
opinions  have  always  been  of  a hopeful  and  favourable  character.  It 
must  be  definitely  understood,  however,  that  in  this  report  I limit  m\ 
observations  to  the  results  obtained  at  Crossness  and  at  Barking. 

Stated  very  briefly,  the  chief  tests}  on  which  reliance  was  placed  in 
carrying  out  this  enquiry  were  as  follows — 

Total  number  of  bacteria  (gelatine  at  20  C.  and  agar  at  ot  C.). 

Number  of  bacteria  causing  liquefaction  of  gelatine. 

Number  of  spores  of  aerobic  bacteria. 

Number  of  B.  coli  and  closely  allied  forms. 

Number  of  spores  of  B.  enteritidis  sporogenes  {Klein). 

Presence  and  relative  abundance  of  streptococci. 

Pathogenic  qualities  of  seivage  and  effluents  (animal  experiments). 

Although  the  work  occupied  two  years,  and  in  certain  directions 


• British  Medical  Journal,  August  18th,  1900. 

+ British  Medical  Journal,  August  17th,  191 1.  _ . 

t For  later  and  more  detailed  information  on  this  subjee 
my  report  to  the  Royal  Commission  on  Sewage  Disposal. 
Royal  Commission  on  Sewage  Disposal,  1902.) 


reference  may  be  made  to 
(Page  135,  Second  Report, 
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yielded  information  of  a kind  previously  lacking,*  it  is  in  no  sense 
contended  that  the  investigation  was  of  so  exhaustive  a character  as  to 
render  unnecessary  farther  study  of  the  subject  in  all  its  aspects.  On 
the  contrary,  it  is  my  firm  conviction  that  for  a long  series  of  years  the 
energies  of  many  competent  workers  will  be  required  to  be  devoted  to 
this  research  before  our  knowledge  of  the  subject  of  sewage  disposal  by 
bacteria-bed  methods  can  be  regarded  as  in  any  way  complete. 

In  two  respects  the  enquiry  may  be  said  to  have  yielded  information 
of  special  importance. 

One  result  of  this  investigation  is  to — 

(1)  Afford  presumptive  evidence  of  a strong  kind  that  the  effluents 
from  bacteria  beds  cannot  reasonably  be  considered  as  much,  if  at  all, 
more  safe  in  their  possible  relation  to  disease  than  crude  sewage. 

Beyond  question  this  portion  of  the  enquiry  was  of  primary  and 
pressing  importance,  and  the  results  obtained  can  only  be  interpreted  as 
meaning  that,  until  reliable  evidence  to  the  contrary  is  forthcoming,  the 
effluents  from  bacteria-beds  ought  to  be  regarded  as  nearly,  if  not  quite, 
as  unfit  to  be  discharged  into  drinking-water  streams  as  would  be  the 
sewage  before  treatment. 

(2)  Draw  attention  to  the  wide  distinction  between  the  biological 
composition,  on  the  one  hand,  of  sewage  and  of  sewage  effluents,  and, 
on  the  other,  of  waters  of  potable  sort. 

It  may  be  said  that  this  distinction  has  been  already  fully  established  ; 
but  this  is  not  an  accurate  statement  of  the  case.  A study  of  past  bac- 
teriological records  reveals  the  fact  that  the  mere  presence,  not  the- 
relative  abundance,  of  microbes  of  one  or  another  sort  has  formed, 
generally  speaking,  the  basis  of  our  conceptions  of  the  wholesomeness  or 
otherwise  of  waters  to  be  used  for  domestic  purposes.  And,  although 
it  has  for  long  been  admitted  that  sewage  is  the  most  common  and  most 
dangerous  source  of  the  pollution  of  our  water  supplies,  the  relative 
almndMnce  of  microbes  of  intestinal  sort  in  multiple  samples  of  sewage 
has,  at  all  events  in  this  country,  failed  to  attract  the  serious  attention 
of  bacteriologists.  Yet  again,  the  distinction  between  bacterial  tests 
indicating  recent,  and  therefore  presumably  specially  dangerous,  con- 
tamination, and  bacterial  tests  not  of  necessity  implying  pollution  with 
bacteria  of  recent  animal  outcome  has  been  to  a great  extent  overlooked 
in  the  past.  Lastly,  it  would  seem  to  be  almost  obvious  to  consider  that 

* f or  example  : — The  determination  of  the  relative  abundance  of  B,  eoli,  of  spores  of 
B.  ttferitidi*  tporogenet,  and  of  streptococci  in  multiple  samples  of  crude  sewage  and 
of  effluents,  as  well  as  the  estimation  of  the  number  of  bacteria  causing  liquefaction  of 
gelatine  and  the  number  of  spores  of  aerobic  bacteria. 
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before  condemning  a water  because  it  contains  microbes  of  a sort  seem- 
ingly to  be  associated  with  sewage  contamination,  some  information 
should  be  forthcoming  of  the  relative  abundance  of  such  bacteria  in 
sewage  itself.  But  information  of  this  kind  was,  if  not  wholly  un- 
obtainable, acquired  with  considerable  difficulty.  It  will  not,  I think,  be 
denied  that  the  records  obtained  during  the  progress  of  the  enquiry 
(notably  as  regards  B.  coli,  B.  enteritidis  sporoyenes  and  Streptococci)  have 
a"  direct  and  important  bearing  on  this  subject.  Nevertheless,  it  is 
freely  admitted  that  extended  investigation  over  a considerable  time  is. 
in  this  direction,  most  desirable. 

Although  my  final  conclusions  are  given  in  a special  section  of  this 
report,  it  is  desirable  definitely  to  state  here  that  I concur  with  Dr.  Clowes 
in  the  advisability  of  treating  London  crude  sewage  by  bacterial  methods 
in  place  of  the  existing  unsatisfactory  chemical  mode  of  treatment. 


A.  C.  H. 


THE  BACTERIAL  TREATMENT  OF  SEWAGE. 


DIVISION  II— BACTERIOLOGICAL. 


I Description  of  the  bacteria- beds  at  the  Northern  Outfall 
Works  (Barking),  and  at  the  Southern  Outfall  Works 
(Crossness). 

The  above  heading  is  retained  for  the  sake  of  completeness ; since,  how- 
ever, the  matter  is  fully  dealt  with  in  Division  I.,  it  will  be  unnecessary 
to  do  more  than  merely  mention  here  the  descriptive  terms  applied  to  the 
different  beds. 

At  Crossness. 

4-foot  coke-bed  ... 

6-foot  coke-bed  (primary) 

6-foot  coke-bed  (secondary) 

13-foot  coke-bed  ... 


Series  I. 

„ I- 

„ I- 

II. 


At  Barhing. 

i.  The  coke  and  ragstone  beds  were  four  in  number,  namely,  two  of 
coke  (coarse  and  fine  respectively),  and  two  of  ragstone  (coarse  and  fine 
respectively).  Series  I. 

ii.  Double  coke-beds. 

Primary  coarse  coke-bed  (A)  ...  ...  Series  II. 

Secondary  coarse  coke-bed  (Al)  ...  ,,  II. 

Primary  coarse  coke-bed  (B)  ...  ...  „ II. 

Secondary  fine  coke-bed  (Bl)  ...  ...  ,,  II. 


II.  Description  of  the  chief  methods  used  in  the  bacteriological 

EXAMINATION  OF  THE  SEWAGE  AND  OF  THE  EFFLUENT. 

For  later  and  more  detailed  information  on  this  subject  reference  may  be  made  to 
my  report  to  the  Royal  Commission  on  Sewage  Disposal.  (Page  135,  Second  Report, 
Royal  Commission  on  Sewage  Disposal,  1902.) 

It  is  not  proposed  to  describe  here  all  the  methods  used  in  the  bacterio- 
logical examination  of  sewage,  but  only  the  chief  methods  employed 
throughout  the  course  of  the  investigation. 

Collection  of  samples. 

The  samples  were  collected  in  sterile  glass-stoppered  bottles.  The 
bottles  were  filled  completely  with  the  sample,  and  the  contents  were 
examined  as  soon  after  collection  as  possible. 

Dilution  of  sewage. 

The  microbes  in  sewage  are  so  numerous  that  it  is  necessar)’’  to 
dilute  the  sewage  with  a large  quantity  of  sterile  water,  in  order  to 
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render  numerical  estimation  and  further  study  possible.  In  the 
earlier  experiments,  the  dilutions  used  were  1 in  10,  1 in  100,  and 
1 in  10,000.  But  it  is  better  to  make  a series  of  dilutions,  namelv, 
1 to  10,  1 to  100,  1 to  1000,  1 to  10,000,  and  1 to  100,000. 

Total  number  of  bacteria. 

In  estimating  the  total  number  of  bacteria,  gelatine  plates  were  used. 
From  0T  to  1*0  c.c.  of  diluted  crude  sewage  or  effluent  (1  of  sewage  or 
effluent  to  10,000  of  sterile  water)  was  added  to  10  c.c.  of  sterile  gelatine 
contained  in  a test  tube.  After  the  gelatine  had  been  melted,  the  mixture 
was  poured  into  a Petri’s  capsule,  and  after  solidification  had  taken  place 
the  plate  was  inverted,  incubated  at  20°  C.,  and  the  colonies  subsequently 
counted  at  as  late  a date  as  the’  liquefaction  of  the  gelatine  and  the 
crowding  of  the  colonies  permitted.* 

In  some  of  the  later  experiments  agar  plate  cultures  (incubated  at 
37°  C.)  were  also  used. 

Spores  of  aerobic  bacteria. 

In  estimating  the  number  of  spores  of  bacteria,  the  following  plan 
was  usually  adopted  : — To  10  c.c.  of  sterile  gelatine  in  a test  tube  was 
added  1 c.c.  of  diluted  sewage  or  effluent  (1:10),  and  the  mixture  heated 
to  80°  C.  for  ten  minutes  and  then  poured  into  a Petri’s  capsule.  After 
the  gelatine  had  become  quite  solid,  the  plate  was  inverted  and  in- 
cubated at  20°  p.f 

Number  of  bacteria  causi'ag  liquefaction  of  (jelatine. 

In  estimating  the  number  of  liquefying  organisms  the  following  plan 
was  usually  adopted : — The  contents  of  a test  tube  containing  10  c.c.  of 
sterile  nutrient  gelatine  were  melted  and  poured  into  a sterile  Petri’s 
capsule.  After  the  gelatine  had  become  quite  solid,  the  surface  of  the 
medium  was  inoculated  with  0T  c.c.  of  diluted  sewage  or  effluent 
(1 : 10.000).  The  diluted  sewage  or  effluent  (representing  O'OOOOl  c.c.) 
was  then  spread  over  the  entire  surface  of  the  gelatine  with  a sterile 
platinum  instrument.  The  plate  was  next  inverted  and  incubated  in  this 
position  at  20°  C.  until  the  colonies  were  sufficiently  advanced  in  their 
growth  for  observation.  Although  this  method  is  the  best  available,  it 
must  be  remembered  that  some  bacteria  liquefy  the  gelatine  so  very 
slowly  that  they  might  readily  escape  being  counted  as  liquefying  germs 
under  the  above  conditions  of  experiment. 


Spores  of  B.  enteritidis  sporogenes  (Kleiii).% 

The  method  for  detecting  the  presence  of  the  spores  of  this  bacillus  is 
as  follows : — Dilute  one  part  of  crude  sewage  or  of  effluent,  as  the  case 
may  be,  with  99  parts  of  sterile  water;  of  this  dilution  add  10,  0T,  and 
0-01  c.c.  severally  to  three  sterile  milk  tubes,  or  10%,  1 %,  0T%,  and 
0'01%  dilutions  may  be  used  and  milk  tubes  severally  inoculated  with 
1 c.c.  from  each  of  these  dilutions.  Heat  the  tubes  to  80°  C.  for  ten 
minutes,  and  cultivate  anaerobically  by  Buchner  s method  at  a tem- 
perature of  37°  C.  When  B.  enteritidis  sporogenes  is  present,  the  casein 


* Fig.  i.  f Fig-  2i  aml  figR-  3>  b 5>  6- 


X Fig.  7. 


it;.  1.— Gelatine  plate  culture  of  diluted  Crossness  crude  sewage.  rTnnrn  c.c.  of  Crossness 
crude  sewage.  402  colonies  = 4,020,000  microbes  per  c.c.  of  sewage.  About  natural 
size. 


.tubt.ili*-  Preparation  from  an  agar  culture,  showing  si  .or, 

^ L Z^Cr0]°^M  :,rc  freflu,'n"y  fo,m'1  i’>  London  crude  sewng, 
may  la.  as  many  ns  10  to  20  spores  present  per  c.c.  of  sewage,  x 1.500. 


The 

There 


Fig.  3. — B.  megaterium  (or  closely  allied  form).  Preparation  shewing  spores. 
Occasionally  found  in  London  crude  sewage.  X 1 ,000. 


Fig. 


t.  B.  mesentrriev*.  Preparation  from  an  agar  culture,  showing  snores. 
sl,(’rC"  of  nietciitericvx  per  c.c.  is  a number  commonly  found  in  crude 


10  to  20 
sewage. 


Fig.  5. — B.  mycoides.  Impression  preparation  from  a gelatine  plate.  X 1,000. 
Occasionally  found  in  London  crude  sewage. 


Fig.  6.  J{.  myeoide*.  Colony  growing  in  an  agar  plate  culture.  About  natural  size. 
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is  precipitated,  the  whey  remains  nearly  colourless,  and  there  is  a 
marked  development  of  gas.  These  changes  in  the  milk  common ly 
take  place  in  less  than  24  hours,  but  the  limit  of  observation  should 
always  be  extended  to  48  hours.  A guinea-pig  inoculated  subcu- 
taneously with  1 c.c.  of  the  whey  usually  dies  in  less  than  24  hours, 
and  presents,  on  post-mortem  examination,  appearances  which  are  typical 
of  infection  with  B.  enteritidis  sporogenes  (swollen  belly,  extensive 
gangrene,  sanguineous  exudation  full  of  bacilli,  etc.).  In  certain  cases  a 
pathogenic  result  on  inoculation  of  a rodent  is  not  observed.  But  in 
these  cases,  in  my  experience,  it  is  usually  only  necessary  to  use  for 
inoculation  a culture  lower  in  the  scale  of  dilutions,  i.e.  one  containing 
more  of  the  sewage,  in  order  to  obtain  a positive  result. 

B.  coli  ( and  closely  allied  forms). 

In  seax-ching  for  B.  coli  in  the  crude  sewage  and  in  sewage  effluents,  the 
following  plan  was  adopted: — 10  c.c.  of  sterile  gelatine,  contained  in  a 
test  tube,  were  melted,  0T  c.c.  of  five  per  cent,  phenol  added,  and  then 
the  gelatine  was  poured  into  a sterile  Petri’s  capsule  and  allowed  to  become 
quite  solid.  0T  c.c.  of  diluted  sewage,  or  of  effluent  (1  : 10,000), 
was  next  added  and  spread  over  the  entire  surface  of  the  gelatine  with 
a sterile  platinum  spreader.  It  is  perhaps  better  to  make  three  gelatine 
plates  and  inoculate  these  severally  with  x^W,  tttouo  and  c.c.  of 
sewage  or  effluent.  Colonies  which  were  typical  of  B.  coli  in  their 
microscopical  appearance  and  in  the  manner  of  their  growth*  were  then 
subcultured  in  broth  (for  diffuse  cloudiness  and  indol  reaction),  in  litmus 
milk  (for  acidity  and  clotting),  and  in  gelatine  shake  culture  (for  gas 
formation).  It  was  not,  however,  found  possible  in  each  individual  ex- 
periment to  apply  all  of  these  tests,  although  in  the  majority  of  cases, 
the  gas  test  in  gelatine  was  applied. + 

Streptococci. 

In  searching  for  streptococci,  it  is  best  to  make  three  surface  agar 
plate  cultures,  using  for  this  purpose  Tumro  and  ^ c.c.  of 

sewage  (or  effluent),  and  incubate  at  37°  C.  In  24  to  48  hours,  examine 
the  plates  under  a low  power  of  the  microscope  and  subculture  in  broth 
all  the  minute  colonies  which  resemble  those  of  streptococci.  After 
incubation  for  from  24  to  48  hours  at  37°  C.,  the  broth  cultures  must  be 
examined  and  cover  glass  preparation  from  them  made  for  microscopic 
examination.  Those  tubes  which  lead  the  observer  to  suspect  the 
presence  of  streptococci  should  be  further  studied  bv  preparing  stained 
preparations  and  subcultures  made  in  gelatine,  litmus  milk,  and  other 
media. § 

Inoculation  Experiments. 

The  inoculation  of  animals  cannot  be  recommended  as  a routine  test ; 
but  when  a bacterial  process  yields  day  by  day  fairly  uniform  results, 
the  occasional  inoculation  of  rodents  may  be  important.  A negative 
result^  would  not  indicate  “ purity  or  safety,”  but  a positive  result 
(1  to  5 c.c.  of  effluent  per  200  grammes  body  weight)  in  a rodent  would 


* Fig.  8.  f Fig.  3.  § Figs.  15  to  20. 
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tend  to  show  that  the  sewage  had  not  been  so  modified  in  its  biological 
characters  by  its  treatment  in  the  bacteria-beds  as  to  be  other  than  a 
liquid  still  potentially  dangerous  in  its  possible  relation  to  disease  in 
human  beings,  if  discharged  into  a drinking-water  stream.  The  test 
then,  in  its  positive  aspect,  and  as  a means  of  occasionally  comparing 
the  pathogenic  qualities  of  effluents  with  crude  sewage,  is  a useful  one. 
In  point  of  fact,  it  was  unfortunately  found  that  the  effluents  from  the 
bacteria-beds  were  nearly,  if  not  quite,  as  pathogenic  to  rodents  as  the 
sewage  before  treatment.  Thus  in  the  case  ot  the  effluents  from  the 
bacteria-beds,  as  well  as  when  working  with  the  sewage  before  treatment, 
it  was  usually  found  that  the  subcutaneous  injection  of  from  1 to  5 c.c.  into 
rodents  killed  the  animals  in  from  20  to  72  hours. 

In  brief  summary  of  the  chief  methods,  the  following  tabular  statement 
may  be  found  useful : — 


Test. 

Total  number  of  bacteria  ... 

Number  of  spores  of  aerobic 
bacteria 

Number  of  bacteria  causing 
liquefaction  of  gelatine 

Sqjores  of  B.  enteritidis  sporo- 
genes  ( Klein's  “ enteritidis 
change  ” in  milk) 

B.  coli  and  closely  allied 
forms 

Streptococci  ...  


Method. 

Make  gelatine  and  agar  plate 
cultures  containing — 

Make  gelatine  plate  cultures 
(previously  heated  to  80°  C. 
for  10  mins.)  containing — 
Make  surface  gelatine  plate 
cultures  containing — 

Make  anaerobic  milk  cultures 
(previously  heated  to  80°  C. 
for  10  mins.)  containing — 
Make  surface  phenol  (0*05%) 
gelatine  plate  cultures  con- 
taining— 

Make  surface  agar  plate  cul- 
tures containing — 


Amount  of  Sample. 
(In  cubic  centimetres) 

TTiW  lOOO’B  iooouO 

1 tu  rhi 

i i i 

1000  1000V  IOO000 

iV  T iu  l (hib  luloO 
10*00  10000  iooouO 

tthj  ithra  ioooo 


Since  this  report  was  written,  the  second  report  of  the  Royal  Com- 
mission on  sewage  disposal  has  been  published.  In  this  volume  a 
detailed  report  on  methods  will  be  found. 


III.  The  Experiments  on  the  bacterial  treatment  of  crude  sev  age 
at  the  Southern  Outfall  Works  (Crossness). 

A Results  of  the  bacteriological  examination  of  Crossness  crude 
sewage  and  of  the  effluents  from  the  4-foot  single,  6-foot  primary,  and 

6-foot  secondary  coke-beds.  (Series  I.) 

B.  Further  experiments  with  the  effluents  from  the  -1-foot  single,  6-foot 

primary,  and  6-foot  secondary  coke-beds.  (Series  I.)  , 

C.  Experiments  with  the  effluent  from  the  lo-foot  coke-bed. 

(Series  II.) 

A.— Results  of  the  bacteriological  examination  of  Crossness  crude  fe’°T/e 
and,  of  the  effluents  from  the  4-foot  single,  6 -foot  primary,  and  6-foot 
secondary  colte-beds.  ( Series  I.) 

In  the  following  pages,  the  chief  results  as  regards  (1)  total  number 
of  bacteria,  (2)  number  of  spores  of  bacteria,  (d)  number  of Uiquefjmg 
bacteria,  (4) Umber  of  B.  coli.  and  (5)  number  of  spores  of  U.  entente* 
sporogenes  are  tabulated  and  summarised. 


Diagram  i 


<o 


Total  Number  of  Bacteria  in  t.C.C. 


Crossness  results — Total  number  of  Bacteria. 
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Table  I.  Total  number  of  bacteria  in  1 c.c. 


Date. 

Crossness 

crude  sewage. 

1»98 

May  11 

3,930,000 

„ 18 

3,670,000 

„ 25 

6,400,000 

June  9 

6,500,000 

„ 15 

4,000,000* * 

„ 22 

9,100,000 

July  20 

12,800,000 

„ 27 

7,200,000 

August  4 

4,200,000 

„ 9 

3,600,000 

„ 19 

5,800,000 

„ 24 

4,100,000 

September  14 

8,000,000 

„ 21 

8,600,000 

28 

7,500,000 

October  5 

10,500,000 

,,  12 

4,000,000 

„ 21 

8,000,000 

„ 26 

5,200.000 

November  9 

7,800,000 

„ 16 

5,800,000 

* 23 

8,600,000 

„ 30 

13,500,000 

December  7 

5,600,000 

» 11 

19,500,000 

» 21 

7,400,000 

Averages  

7,357,692 

(26  samples) 

Percentage  reduction  (as  compared 
with  the  raw  sew  age). 


Average  number  of 
bacteria  in  the  raw 
sewage  when  the 
samples  were  com- 
parative with  the 
samples  obtained 
respectively  from 
the  4-foot  single, 
6 -foot  primary,  and 
6-foot  secondary 
coke-beds. 


r 


6,973,333 
(15  samples  cor- 
responding to 
4-foot  samples) 
6,675,000 
(8  samples  cor- 
responding to 
6-foot  primary 
samples) 
11,100,000 
(3  samples  cor- 
responding to 
6-foot  second- 

ary  samples) 


Effluent  from 
4-foot  single 
coke-bed. 

Effluent  from 
6-foot  primary 
coke-bed. 

Effluent  from 
6-foot  secondary 
coke-bed. 

4,800,000 

4.100.000 

6.100.000 
1,200,000 
5,300,000* 
3,000,000 
9,200,000 

6,600,000 

1,800,000 

1,700,000 

3,400,000 

5,700,000 

3,400,000 

7,200,000 

7,500,000 

8,000,000 

4,200,000 

15,800,000 

3,100,000 

8,800,000 

5,300,000 

4,500,000 

5,400,000 

4,000,000 

5,300,000 

6,300,000 

4,966,666 

6,787,500 

4,300,000 
(3  samples) 

(15  samples) 

(8  samples) 

32  per  cent. 

7 per  cent. 

41  per  cent. 

| 4,966,666 

j 28  per  cent. 
1 reduction 

1 

f 

| 6,787,500 
•j  slight 

j 

( increase 

1 

f 

f 4,300,000 
< 61  per  cent. 



( reduction 

* In  connection  with  the  bacteriological  examination  of  these  two  samples  it  was  sought 
to  ascertain  the  smallest  amount  of  the  liquids  capable  of  giving  rise  in  broth  cultures 
to  growth,  to  offensive  smell  and  to  indol  production.  The  results  were  as  follows  : — 

(a)  0-0001,  (b)  0-000001,  and  (c)  0-0000001  c.c,  of  Crossness  crude  sewage  was 
inoculated  into  each  of  three  bouillon  tubes  and  incubated  at  20°  C.  ; on  the  seventh 
day  no  growth  in  («•),  growth  and  offensive  smell  in  (a)  and  (6).  (a)  gave  strong 
indol  reaction  and  (b)  faint  trace. 

(a)  0*0001,  (b)  0-000001,  and  (c)  0 0000001  c.c.  of  the  4-foot  single  coke-bed  effluent 
was  inoculated  into  each  of  three  bouillon  tubes  and  incubated  at  20°  C.  On  the 
seventh  day  no  growth  in  (c),  growth  and  offensive  smell  in  (a)  and  (b).  (a)  and 

(b)  both  gave  distinct  indol  reaction. 


It  wm  be  seen  that  in  each  case  so  small  an  amount  as  Tn^op,  c.c.  (not  TOT0\,000  c.c.) 
of  the  liquid  gave  rise  to  an  offensive  smell  and  indol  production  in  both  cultures. 
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The  table  shows  that  the  total  number  of  bacteria  in  the  crude  sewage 
(2G  samples),  the  effluent  from  the  4-foot  coke-bed  (15  samples),  the 
effluent  from  the  6-foot  primary  coke- bed  (8  samples),  and  the  effluent 
from  the  6-foot  secondary  coke-bed  (3  samples)  averaged  7,357,692. 
4,966,666,  6,787,500,  and  4,300,000  per  c.c.  respectively.  The  per- 
centage reduction  of  bacteria  in  the  effluents  being  32,  7,  and  41.  The 
average  number  of  bacteria  in  the  15  samples  of  crude  sewage 
corresponding  to  the  4-foot  coke-bed  effluents  was  6,973,333.  In  the 
eight  samples  corresponding  to  the  6-foot  primary  coke-bed  effluents 
the  average  was  6,675,000.  Lastly,  the  three  samples  of  crude  sewage 
corresponding  to  the  6-foot  secondary  coke-bed  effluents  yielded  on  an 
average  11,100,000  bacteria  per  c.c.  Calculated  from  these  figures,  the 
percentage  reduction  of  bacteria  was  28  as  regards  the  4-foot  coke-bed 
effluents ; no  reduction,  but  a slight  increase  as  regards  the  6-foot 
primary  coke-bed  effluents,  and  61  per  cent,  in  respect  of  the  6-foot 
secondary  coke-bed  effluents. 

As  a rule,  a rise  or  fall  above  or  below'  the  mean  in  the  number  of 
bacteria  in  the  crude  sewage  was  associated,  in  the  corresponding 
effluents,  with  a similar  increase  or  decrease  of  microbes.  Thus,  as 
regards  the  crude  sewage  and  the  4-foot  coke-bed  effluents,  there  was  a 
correspondence  in  this  respect  on  11  occasions  out  of  15  ; and  as  regards 
the  crude  sev'age  and  the  6-foot  primary  coke-bed  effluents,  this  corre- 
spondence was  observed  in  all  the  eight  samples.  The  records  of  the 
examination  of  the  6-foot  secondary  coke-bed  effluents  are  too  few  in 
number  to  allow  of  useful  conclusions  being  drawn,  but  here  also  the 
same  agreement  occurred.  The  above  must  not  be  taken  as  meaning 
that  the  percentage  deviation  from  the  mean  showed  any  parallelism  as 
regards  the  crude  sewage  and  corresponding  effluents. 

So  far  as  a diminution  in  the  number  of  bacteria  may  be  taken  as  an 
indication  of  purification,  it  must  be  admitted  that  the  above  results 
are  not  satisfactory.  And  if  they  are  unfavourable  from  the  point  of 
view  of  percentage  reduction  effected,  still  less  are  they  favourable  when 
judged  by  the  actual  state  of  the  effluents. 

It  is  noteworthy  that  the  reduction  in  the  number  of  bacteria  was 
much  greater  in  the  effluent  from  the  4-foot  coke-hed  than  in  the 
effluent  from  the  6-foot  primary  coke-bed,  and  was  nearly  as  much  as  in 
the  effluent  from  the  6-foot  secondary  coke-bed. 

Possibly  the  records  as  regards  the  6-foot  primary  coke-bed  indicate 
a retrograde  change. 

Since  the  coke-beds  are  intended  to  encourage  the  life  processes  of 
bacteria,  it  might  be  urged  that  an  increase,  or,  at  all  events,  the  absence 
of  a marked  decrease  in  the  number  of  bacteria  in  the  effluents  is  of 
little  importance.  Further,  that  it  may  even  be  a desirable  thing  that 
an  effluent  only  partially  purified  should  carry  with  it,  in  order  to 
complete  their  work,  the  bacteria  which  have  been  engaged  in  the  work 
of  purification.  There  may  be  truth  in  these  contentions,  but  as 
experience  has  showrn  that  the  bacteria-beds  which  \ ield  the  best 
chemical  results  yield  also  the  best  results  bacteriologically,  and  as  ri\ei 
water  already  contains  all  the  necessary  germs  of  purification  and 
nitrification,  it  would  seem  to  be  undesirable  to  discharge  with  an 
effluent  countless  germs  of  a kind  to  be  associated  with  the  recent 
evacuations  of  animals.  Moreover,  some  of  these  micro-organisms  found 
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Crossness  results — Spores  of  Aerobic  Bacteria. 
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in  sewage  are  pathogenic,  and  doubtless  many  of  them,  although  perhaps 
slowly  working  in  the  direction  of  purification,  are,  in  a sense,  intruders, 
since  the  work  could  probably  be  more  efficiently  carried  out  in  their 
absence  by  other  and  less  objectionable  bacteria. 

As  regards  the  value  to  be  assigned  to  the  estimation  of  the  total 
number  of  microbes,  it  may  be  said  that  the  greater  the  number  of 
micro-organisms  in  a liquid  containing  a mixed  bacterial  flora  the  more 
likely  is  it  that  some  of  them  are  of  a harmful  nature.  But  further  than 
this,  the  prolonged  investigations  carried  out  in  this  enquiry,  as  regards 
the  species  of  microbes  and  their  relative  numbers,  give  to  the  above 
figures  a special  and  peculiar  value.  For  while  there  is  no  fixed  pro- 
portion between  the  total  number  of  bacteria,  and,  for  example,  the 
number  of  proteus-like  germs,  of  B.  coli  and  of  spores  of  B.  enteritidis 
spco-ogenes,  it  has  been  abundantly  shown  that  with  a sample  of  effluent 
or  raw  sewage , containing  an  average  number  of  microbes,  say  three  to  nine 
millions  per  c.c.,  the  number  of  “ sewage  proteus  ” and  of  B.  coli  is  likely 
to  be  not  less  than  100,000,  and  of  B.  enteritidis  sporogenes  usually  more 
than  100  per  c.c.  respectively . Further,  that  more  than  one-tenth  of  the 
bacteria  are  likely  to  be  “ liquefiers,”  and  only  about  one  in  20,000  present 
as  spores  (aerobes). 

As  the  bacterial  composition  of  London  crude  sewage  does  not  differ 
widely  from  the  raw  sewage  of  most  other  towns,  it  is  believed  that 
these  records  have  a wide  range  of  usefulness.  At  the  risk  of  repetition  it 
may  be  pointed  out  that  their  bearing  on  the  bacterioscopic  examination 
of  potable  waters  is  very  important. 


Table  II.  Number  of  spores  of  aerobic  bacteria  in  1 c.c. 


Date. 


Crossness 
crude  sewage. 


Effluent  from 
4-foot  single 
coke-bed. 


Effluent  from 
6-foot  primary 
coke-bed. 


Effluent  from 
6-foot  secondary 
coke-bed. 


May 

n 

*5 

June 

»* 

July 

»« 

August 


1898 
11  . 
18  . 
25  . 
'9  . 
15  . 
22  . 
20  . 

27  . 

4 . 
9 . 

„ 19  . 

24  . 

September  14  . 
„ 21  . 

28  . 

5 . 

„ 12  . 
„ 21  . 
„ 26  . 
November  9 . 
,,  16. 

„ 23 . 

30  . 

December  7 . 
„ 14  . 

„ 21  . 

Averages 


October 


460 

300 

370 

560 

180 

310 

400 

870 

280 

340 

220 

170 

* 

250 

260 

200 

320 

340 

200 

150 

240 

510 

440 

70 

800 

270 

340 


(25  samples) 

Percentage  reduction  (as  compared 
with  the  raw  seiwage) 


260 

140 

380 

230 

300 

60 

430 

220 

200 


490 

240 

140 

310 

140 

252 


(14  samples) 
25  per  cent. 


480 

300 

180 

190 

130 

420 

180 

170 

256 

(8  samples) 
24  per  cent. 


220 

320 

420 

320 

(3  samples) 
5 per  cent. 


* I he  rapid  liquefaction  of  the  gelatine  prevented  accurate  counting. 
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Table  II.  Number  of  spores  of  aerobic  bacteria  in  1 c.c.— continued. 


Unto. 


Crossness 
crude  sewage. 


Effluent  from 
4-foot  single 
coke-bed. 


Effluent  irom 
0-foot  primary 
coke  bed. 


Effluent  from 
l C-fwt  sMonderr 
0</ke-bed . 


1898 

Average  number  o£ 
spores  of  bacteria 
in  the  raw  sewage 
where  the  samples 
were  comparative 
with  the  samples 
obtained  respec- 
tively from  the  4- 
foot  single,  6-foot 
primary,  and  6-foot 
secondary  coke- 
beds 


l 


322 

(14  samples  cor- 
responding to 
4-foot  samples) 
310 

(8  samples  corre- 
sponding to  6- 
foot  primary 
samples) 

503 

(3  samples  corre- 
sponding to  6- 
foot  secondary 
samples) 


252 

'21  per  cent, 
reduction 


256 

17  per  cent, 
reduction 


! 320 

36  per  cent, 
reduction 


The  table  shows  that  the  number  of  spores  of  bacteria  in  the  crude 
sewage  (25  samples),  in  the  effluent  from  the  4-foot  coke  bed 
(14  samples),  in  the  effluent  from  the  6-foot  primary  coke-bed 
(8  samples),  and  in  the  effluent  from  the  6-foot  secondary  coke-bed 
(3  samples)  averaged  340,  252,  256,  and  320  per  c.c.  respectavel^ 
The  percentage  reduction  in  the  number  of  spores  of  aerobic  teo  _ 
found  in  the  effluents  as  compared  with  the  crude  sewage  being  o, 
24,  and  5.  The  average  number  of  spores  in  the  14  samples  of  ere 
sewage  corresponding  to  the  4-foot  coke-bed  effluents  was  o__ , m 
the  8 samples  corresponding  to  the  6-foot  primary 
310-  and  in  the  3 samples  corresponding  to  the  6-foot  seconda  . 
coke-bed  effluent  the  average  was  503.  Calculated  from  these  figure^ 
the  percentage  reduction  in  the  number  of  spores  of  bacteria  was  .l  a^ 
regards  the  4-foot  coke-bed  effluents,  17  as  regards  the  6-foot  pnmarv 
coke-bed  effluents,  and  36  in  respect  of  the  6-loot  secondary  co  ke-  ^ 

e®Us"Sy  a rise  or  fall  above  or  beloiv  tbe  mean  in  the number . of 
snores  of  bacteria  in  the  raw  sewage  was  associated  with  ^ m iar 
increase  or  decrease  in  the  number  in  the  corresponding  effluents. 
Thus  as  regards  the  crude  sewage  and  the  4-foot  coke-bed  e mm-., 
there  was  in  this  respect  a relation  between  the  two,  m 1 1 _o  . 

cnmnlps  • and  the  raw  sewage  and  the  6-foot  primary  coke-  . 

showed8 a riSte  « rrespond^nce  in  six  out  of  eight 

The  same  relationship  was  noticed  with  reference  to  the  6-foot  seconda  . 

reTt“"il  be  understood  that  in  the  above  remarks  "to,  »»«o»  » 
made  of  a relationship,  it  does  not  imply  a parallelism  as  regards 

percentage  deviation  from  the  mean. 


Crossness  results — Spores  of  Aerobic  Bacteria. 
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It  is  difficult  to  gauge  the  exact  significance  of  the  number  of  spores 
of  aerobic  bacteria  and  the  number  relative  to  the  total  number  of 
bacteria.  Spores  of  bacteria  are  peculiarly  resistant  to  unfavourable 
physical  conditions ; fortunately,  however,  the  majority,  at  all  events, 
of  the  spores  of  aerobic  micro-organisms  found  in  sewage  belong  to 
species  which  are  believed  to  be,  relatively  speaking,  hai’mless. 

Although  the  actual  number  of  spores  in  sewage  is  large,  the  number 
relative  to  the  total  number  of  bacteria  is  very  small.  Thus  in  the 
26  samples  above  recorded  for  every  microbe  present  in  the  spore-form, 
there  were  present  over  21,000  in  the  vegetative  form.  And  this  result 
is  not,  in  all  probability,  to  be  attributed  solely  to  the  comparative  in- 
frequency of  bacteria  in  sewage  capable  of  forming  spores,  but  also  to 
the  active  and  continued  multiplication  of  the  micro-organisms  in  the 
presence  of  an  abundance  of  suitable  pabulum.  In  the  case  of  effluents 
from  bacteria-beds,  it  is  conceivable  that  a smaller  reduction  in  the 
number  of  spores  of  bacteria  as  compared  with  the  reduction  in  the  total 
number  of  bacteria,  or  an  actual  increase  in  the  number  of  spores  in  the 
effluent  as  compared  with  the  crude  sewage,  might  be  a good  rather  than 
a bad  sign,  since  it  might  be  taken  as  indicating  that,  the  organic  pabulum 
becoming  exhausted,  the  conditions  for  bacterial  life  had  become  so 
unfavourable  as  to  lead  the  microbes  to  form  spores  in  order  to  escape 
extinction. 

In  my  reports  to  the  Local  Government  Board  on  the  bacteriological 
examinations  of  soils,  I have  shown  that  in  surface  soils  not  only  is  the 
number  of  spores  very  large,  but  also  that  they  are  very  numerous  in 
relation  to  the  total  number  of  bacteria.  Thus  in  soils,  it  is  common  to 
find  the  ratio  between  the  number  of  spores  and  number  of  bacteria — 
1:2;1:3;1:4;1:5;1:6;1:7;1:8;1:9  and  1:10.  Sometimes 
the  ratio  may  be  1 : 20 ; 1 : 30 ; 1 : 40,  or  lower,  but  here  the  cause  is 
usually  to  be  found  in  the  presence  of  an  excess  of  moisture  and  also  of 
organic  pabulum.  Although  the  number  of  bacteria  capable  of  forming 
spores  in  soils  is  peculiarly  great,  it  is  probable  that  the  majority  of 
these  form  spore3  only  when  there  is  a deficiency  in  the  amount  of  liquid 
organic  pabulum  and  when  the  physical  conditions  are  unfavourable. 

It  is,  perhaps,  permissible  to  hazard  the  conjecture  that  an  increase 
(actual  or  relative)  in  the  number  of  spores  of  bacteria  in  effluents  from 
bacteria-beds  is  possibly  a favourable  sign.  Yet  surmises  such  as  the 
above  are  best  received  with  reserve,  especially  as  they  are  to  some 
extent  founded  on  a comparison  between  a liquid  (sewage)  in  the  one 
case  and  a solid  (soil)  in  the  other. 

Certainly,  however,  it  is  a point  worth  noting  that  in  soils  the  ratio 
of  spores  to  bacteria  is  commonly  more  than  1 : 10  and  in  sewage  less 
than  1 : 10,000.  Waters,  it  may  be  added,  differ  rather  widely  in  this 
respect,  but  they  always  approximate  much  more  closely  to  the  ratio 
found  in  sewage  than  that  found  in  soil. 
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Table  III.  Number  of  bacteria  per  I c.c.  causing  liquefaction  of  gelatin  <-• 


Onto. 

Crossness 
crudo  sewage. 

Effluent  from 
4-foot  single 
coke-bed. 

1898. 

May  11 

400,000 

1,300,OCO 

„ 18 

100,000 

700,000 

25 

900,000 

700, 000 

June  9 

1,400,000 

200,000 

„ 15 

800,000 

1,100,000 

,.  22 

900,000 

600,000 

July  20 

1,700,000 

1,000,000 

„ 27 

900.000 

August  4 

400,000 

50' 1.000 

9 

1 100,000 

... 

19 

600,000 

400.000 

„ 24 

600,000 

... 

September  1 4 ...  ... 

700.000 

700,000 

„ 21 

1,200,000 

... 

„ 28 

1,200,000 

1,200,000 

October  5 

2.400,000 

... 

„ 12 

700,000 

1,200.000 

21 

1,000  000 

... 

26 

700, 000 

... 

November  9 

1,900,000 

1.400,000 

16 

1,600,000 

2:1 

900,000 

... 

,.  30 

900,00 ) 

1 00,000 

December  7 ... 

1.400.000 

... 

14 

1,400,000 

. . . 

21 

M **• 

2,200,000 

600,000 

Averag.s  

1.076,923 

808,666 

(26  samples) 

(15  samples) 

l’ercentaee  reduction  ( 

as  compared  with 

25  per  cent. 

the  raw 

sewage) 

• 

(T 

986,666 

) 806,666 

Average  number  of 

(15  samples  cor- 

v 18  per  cent. 

liquefying  bacteria 

responding  to 

\ reduction. 

in  the  raw  sewage 

4-foot  samples) 

where  the  samples 

1,275,000 

were  comparative 

(8  samples  cor- 

1 

with  the  samples  ! 

responding  to 

( 

obtained  respec- 

6-foot  primary 

tivelv  from  the  4- 

samples) 

foot  single,  6-foot 

1 ,000,000 

primary,  and  6-foot 

(3  samples  corre- 

secondary  coke- 

sponding  to  6- 

> 

beds. 

foot  secondary 

samples) 

; 

Effluent  from 
ft- foot  primary 
coke-bed. 

Effluent  frw 
ft-foot  secondary 
eeke-bed. 

300,000 

200.000 

1,100,000 

1,100,000 

600,000 

1,000,000 

... 

500,000 

1 ,500,000 

400,000 

900,000 

1,600,000 

837,500 
(8  samples) 

833,333 
(3  samples) 

22  per  cent. 

22  per  cent. 

837,500 
34  per  cent, 
reduction 

( 833.333 

1 6 per  cent. 
( reduction. 

The  table  shows  tnat  me  nuinuei  01  nquetytug 
sewage  (26  samples)  in  the  effluent  from  the  -Moot  coke-bed  (lo 
samples),  in  the  effluent  from  the  6-foot  primary  coke-oed  (8  samples), 
and  in  the  effluent  from  the  6-foot  secondary  coke-bed  (o  samples) 
averaged  1,076,923,  806,666,  837,500,  and  833,333  per  c c.  respectively. 
The  percentage  reduction  in  the  number  of  liquefying  bacteria  in  the 
effluents  being  respectively  25,  22,  and  22.  The  average  number  of 
liquefying  bacteria  in  the  15  samples  of  crude  sewage  corresponding  to 
the  1-foot  coke-bed  effluents  was  986,666.  In  the  8 samples  corre- 
sponding to  the  6-foot  primary  coke-bed  effluents  the  average  was 
1 ,275,000,  and  in  the  3 samples  corresponding  to  the  6-foot  secondary 


Number  of  Bacter/a  causing  / igumfaction  of  ge/atine  in  / c.  c. 

’undred  Thousand^  Hundred  Thousand  Hundred  Thousand  Hunc/red  Thousand 

°>  n <o  $ ^rsj  £ -ft  & >>  Nj  u o*  si  ^ £;  £;  3;  6;  o,  o>  » o>  to  -s  p a t 
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Number  of  Bacteria  causing  / Kjuefact/on  of  gelatine  in  / c 


Fig.  9. — Proteus  vulgaris.  Impression  preparation  from  “ swarming  islands  ’ on  gelatine 

20  horns’  growth  at  20°  C.  X 1,000. 


Fig. 


10 Proteus  ndqaris.  Same  as  fig.  9.  but  a different  strain 

from  Crossness  crude  sewage)  and  a higher  magnification. 


of  proteus  (isolated 
X 3,000. 


Crossness  results — Liquefying  bacteria. 
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coke-bed  effluents  1,000,000.  Calculated  from  these  figures  the  per- 
centage reduction  of  liquefying  bacte”’"  was  18  as  regards  the  4-foot 
coke-bed  effluents,  34  in  respect  of  the  6-foot  primary  coke-bed  effluents, 
and  16  as  regards  the  6-foot  secondary  coke-bed  effluents. 

Usually  a rise  or  tall  above  or  below  the  mean  in  the  number  of 
liquefying  bacteria  in  the  crude  sewage  was  associated  with  a similar 
increase  or  decrease  in  the  number  in  the  corresponding  effluents. 
Thus  as  regards  the  crude  sewage  and  the  4-foot  coke-bed  effluents,  in 
10  out  of  the  15  experiments  there  was  a correspondence,  and  in  the 
case  of  the  6-foot  primary  coke-bed  effluents,  5 out  of- the  8 samples 
corresponding  to  the  crude  sewage  showed  a similar  relationship.  Only 
3 samples  of  the  effluent  from  the  6-foot  secondary  coke-bed  were 
examined  ; these  in  each  case  were  related  to  the  raw  sewage  in  the 
above  sense. 

So  far  as  may  be  judged  from  a rise  or  fall  above  or  below  the  mean, 
the  figures  show  a certain  parallelism  between  the  total  number  of 
bacteria  in  the  crude  sewage  and  the  number  of  liquefying  bacteria, 
and  lastly  between  the  number  of  spores  and  liquefiers. 

As  regards  the  4-foot  coke-bed  effluents,  there  is  evidence  of  a distinct 
relation  between  the  total  number  of  bacteria  and  spores  of  bacteria, 
the  total  number  of  bacteria  and  the  number  of  liquefying  bacteria,  but 
little  or  none  between  the  number  of  spores  and  number  of  liquefiers. 

With  respect  to  the  6-foot  primary  coke-bed  effluents,  there  is  no 
definite  correspondence  between  the  total  number  of  bacteria  and  either 
the  number  of  spores  of  bacteria  or  the  number  of  liquefiers ; and  the 
spores  and  liquefiers  show,  if  anything,  an  inverse  relation. 

It  is  to  be  noted  that  the  number  of  liquefying  bacteria  was  less  in 
the  effluents  from  the  4-foot  coke-bed  than  in  the  effluents  from  either 
the  6-foot  primary  or  the  6-foot  secondary  coke-beds ; and  the  spores 
and  liquefiers  show,  if  anything,  an  inverse  relation. 

It  is  difficult  to  judge  the  exact  value  to  be  placed  on  the  determina- 
tion of  the  number  of  liquefying  bacteria.  At  one  time,  it  was  thought 
that  the  greater  the  number  of  liquefying  bacteria  in  a water,  the  more 
dangerous  was  the  nature  of  the  contamination,  and  the  more  unlit  the 
water  was  for  domestic  use.  But  as  many  objectionable  bacteria 
(e.g.,  B.  coli)  do  not  liquefy  gelatine  and  many  pure  waters  are  rich  in 
liquefying  microbes  of  a harmless  nature,  this  test  fell  into  comparative 
disfavour.  When,  however,  the  character  of  the  liquefying  bacteria  in 
the  substance  under  examination  is  taken  into  consideration,  the  position 
of  things  is  somewhat  altered.  Thus  in  14  samples  of  crude  sewage  and 
effluents  there  were  present  at  least  100,000  gas-forming  “ sewage 
proteus  ” per  c.c.  So  that  it  may  safety  be  said  that  at  least  one-tenth  of 
the  numerous  liquefying  bacteria  in  sewage  are  proteus-like  in  character. 
And  as  some  of  the  strains  of  this  “ sewage  proteus  ” isolated  from  the 
raw  sewage  and  the  effluents  were  found  to  be  very  virulent  to  rodents, 
it  may  be  added  that  crude  sewage  and  effluents  from  bacterial  coke- 
beds  are  not  only  rich  in  liquefying  bacteria,  but  that  they  contain  in  great 
abundance  liquefying  germs  which  are  probably  objectionable  in  kind.* 

* Microbes  corresponding  to  the  published  descriptions  of  Proteus  vulgaris  seem 
much  less  numerous  in  sewage  than  might  have  been  anticipated,  but  it  must  not  be 
supposed  that  they  are  in  reality  absent.  See  Figs.  9 and  10.  The  morphological 
and  biological  characters  of  “ sewage  proteus''  are  described  and  illustrated  at  the  end  of 
this  report.  See  Figs.  46,  47,  48  and  49. 
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In  conclusion,  it  is  worthy  of  note  that  the  ratios  of  spores  and  of 
liquefiers  to  the  total  number  of  bacteria  in  the  crude  sewage  and 
effluents  respectively  are  approximately  as  follows — 

Crude  sewage  (26  samples) — Ratio  of  spores 

(aerobes)  to  total  number  of  bacteria  ...  = 1 : 21.640 
4-foot  single  coke-bed  effluent  (15  samples) — 

Ratio  of  spores  (aerobes)  to  total  number  of 
bacteria  ...  ...  ...  ...  ...  = 1 : 19,709 

6-foot  primary  coke-bed  effluent  (8  samples) — 

Ratio  of  spores  (aerobes)  to  total  number 
ofbacteria  ...  ...  ...  ...  ...  = 1 : 26,513 

6-foot  secondary  coke-bed  effluent  (3  samples) 

— Ratio  of  spores  (aerobes)  to  total  number 
ofbacteria  ...  ...  ...  ...  ...  = 1 : 13,436 

Crude  sewage  (26  samples) — Ratio  of  liquefiers 

to  total  number  of  bacteria  ...  ...  = 1 : 6*8 

4-foot  single  coke-bed  effluent  (15  samples) — 

Ratio  of  liquefiers  to  total  number  of  bacteria  = 1 : 6‘0 
6-foot  primary  coke-bed  effluent  (8  samples) — 

Ratio  of  liquefiers  to  total  number  of 
bacteria  ...  ...  ...  ...  ...  = 1 : 8*1 

6-foot  secondary  coke-bed  effluent  (3  samples'' 

— Ratio  of  liquefiers  to  total  number  of 
bacteria  ...  ...  ...  ...  ...  = 1 : 5*1 

These  results  would  seem  to  indicate  that  the  result  of  the  bacterial 
treatment  of  the  raw  sewage  in  the  coke-beds  was  to  effect  an  increase 
in  the  number  of  spores  and  of  liquefiers  relative  to  the  total  number 
of  micro-organisms  in  the  case  of  the  4-foot  single  and  of  the  6-foot 
secondary  beds,  and  to  bring  about  a decrease  in  the  number  of  spores 
and  liquefiers  relative  to  the  total  number  in  the  case  of  the  6-foot 
primary  coke-bed.  But  the  records  are  not  sufficiently  numerous  to 
allow  of  a definite  statement  being  made. 


Table  IY.  Number  of  B.  coli  or  closely  allied  forms  in  1 c.c. 


Effluent  from 

Effluent  from 

Effluent  from 

Crossness 

4-foot  single 

6-foot  primary 

6-foot  secondare 

crude  sewage. 

coke-bed. 

coke-bed. 

coke-bed. 

1S98. 


May 

11 .. 

18  ... 

)) 

25 ... 

June 

9... 

15  ... 

»» 

22  .. 

July 

20.. 

27  .. 

August 

4 .. 

M 

9 .. 

19  .. 

None 

in  O’OOOOl  c.c. 

300.000 
1,500,000 

200.000 
300,000 
300,000 

300.000 

500.000 

200.000 
1,000,000 

100,000  I 


200,000 

200,000 

700.000 

100.000 
600,000 
300,000 
300,000 

300,000 

None 

in  O’OOOOl  c.c. 


600,000 

200,000 


24  , 


September  14  ... 


)» 


21  ... 
28... 


October  5 ... 


300,000 

600,000 

1,600,000 

1,000,000 

1,200,000 


400.000 

900.000 


400.000 

700.000 
1,300.000 


Co/i  & c/ose/y  a///ed  forms  in  / c.  c. 
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Table  TV. — continued. 


Date. 


Crossness 
crude  sewage. 


Effluent  from 
4-foot  single 
coke-bed. 


Effluent  rom 
G-foot  primary 
coke-bed. 


Effluent  from 
G-foot  secondary 
coke-bed. 


1898. 

October  12... 

800,000 

„ 21  ... 

800,000 

„ 26 ... 

1 

None 

1 

in  0-00001  c.c. 

November  9 ... 

400,000 

„ 16... 

300,000 

„ 23... 

...  1 

600,000 

30 ... 

600,000 

December  7 ... 

400,000 

„ 14  ... 

...  : 

400,000 

„ 21... 

600,000 

Averages  

(in  round  numbers) 

Percentage  reduction 
with  the  raw 


Average  number  of 
B.  coli  in  the  raw 
sewage  where  the 
sample  corre- 
sponded with  the, 
samples  obtained 
respectively  from 
the  4 ft.  single.  6 ft, 
primary,  and  6 ft 
secondary  coke-bed. 


600,000 
(24  samples) 

(as  compared) 
sewage). 

638.000 

(13  samples  cor- 
responding to 
4 ft.  samples.) 

762.000 

(8  samples  cor- 
responding to 
6 ft.  primary 
samples.) 

600.000 

(2  samples  cor- 
responding to 
6 ft,  secondary 
samples.) 


600,000 

400.000 

200.000 

600*000 

400,000 
(14  samples) 

33  per  cent. 


400,000 
25  per  cent, 
reduction 


800,000 

500.000 

200.000 


600,000 
(8  samples) 

No  reduction 


None 

in  0-00001  c.c. 


100,000 

100,000 


100,000 

(2  samples) 

83  per  cent. 


600,000  | 
21  per  cent 
reduction 


( 100,000 
•j  80  per  cent. 
( reduction 


riie  table  shows  that  the  number  of  B.  coli  in  the  crude  sewage 
f — 1 samples),  in  the  effluent  from  the  4-foot  single  coke-bed  (14  samples), 
in  the  effluent  from  the  6-foot  primary  coke-bed  (8  samples)  and  in  the 
effluent  from  the  6-foot  secondary  coke-bed  (2  samples)  averaged 
600,000  400,000,  600,000,  and  100,000  per  c.c.  respectively.  The 
percentage  reduction  in  the  effluents  as  compared  with  the  crude  sewage 
being  33,  no  reduction,  and  83.  The  average  number  of  B.  coli  in  the 
13  samples  of  crude  sewage  corresponding  to  the  4-foot  single  coke-bed 
effluent  was  538,000;  in  the  8 samples  corresponding  to  the  6-foot 
primary  ^coke-bed  effluents  762,000;  and  in  the  2 samples  corresponding 
to  the  o-foot  secondary  coke-bed  effluents  the  average  was  500,000. 
Based  on  these  figures  the  percentage  reduction  in  the  number  of 
B.  coli  was  25  as  regards  the  4-foot  single  coke-bed  effluents,  21  as 
regards  the  6-foot  primary  coke-bed  effluents,  and  80  in  respect  of  the 
6-foot  secondary  coke-bed  effluents. 

Usually  a rise  or  fall  above  or  below  the  mean  in  the  number  of 
Ji.  coh  in  the  crude  sewage  was  associated  with  a similar  increase  or 
decrease  in  the  number  of  corresponding  effluents.  Thus  as  regards 
the  crude  sewage  and  the  4-foot  single  coke-bed  effluents,  there  was  in 
this  respect  a correspondence  between  the  two  in  10  out  of  12  samples  • 
an.l  the  raw  sewage  and  the  6-foot  primary  coke-bed  effluents  showed  a 
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similar  relation  in  G out  of  the  7 comparative  samples.  The  records  as 
regards  the  6-foot  secondapr  coke-bed  effluents  are  too  few  in  number 

to  warrant  a comparison  being  made.  . 

So  far  as  may  be  judged  from  the  rise  or  fall  above  or  below  the 
mean,  the  figures  show  a certain  parallelism  between  the  number  of 
B coii  and  the  total  number  of  bacteria  both  in  the  crude  sewage  and  in 
the  effluents  from  the  4-foot  single  and  the  6-foot  primary  coke-beds. 
The  records  as  regards  the  6-foot  secondary  coke-bed  are  too  few  to 

allow  of  useful  conclusions  being  drawn.  „ 

It  is  to  be  noted  that  the  average  number  of  B.  colt  in  tire  h-toot 
■primary  coke-bed  effluent  was  greater  than  the  number  in  the  4-foot 
single  coke-bed  effluent,  and,  indeed,  showed  no  difference  from  the 

raw  sewage  in  this  respect.  . . 

The  ratio  of  the  number  of  B.  coli  to  the  total  number  of  bacteria  in 

the  crude  sewage  and  in  the  effluents  is  aproximately  as  follows- 
Crude  sewage  (26  samples) — Ratio  of  B.  coli  to  total 
number  of  bacteria  ...  • • • • • • . • • • 

4-foot  single  coke-bed  effluent  (15  samples)— Ratio  of 

B.  coli  to  total  number  of  bacteria  : 

6-foot  primary  coke-bed  effluent  (8  samples)  Ratio 
of  B.  coli  to  total  number  of  bacteria  ... 

6-foot  secondary  coke-bed  effluent  (3  samples)  Ratio 

of  B.  coli  to  total  number  of  bacteria  ...  . , 

These  results  would  seem  to  indicate  that  the  results  of  the  bacteria, 
treatment  of  the  raw  sewage  in  the  coke-beds  was  to  effect  no i ma  < ?na 
alteration  in  the  number  of  B.  coli  relative  to  the  total  numbe 
bacteria  in  the  case  of  the  4-foot  single  and  of  the  6-fo^  pnmaiy  coke- 
beds  and  to  bring  about  a decrease  m the  case  of  the  6-foot  secondary 
coke-bed.  In  this  last  case,  however,  only  3 samples  were  examined. 


= 1 : 12 
1 : 12 
= 1 : 11 
:=  l ; 43 


Table  V.  Number  of  spores  of  B.  enteritidis  sporogenes  in  1 c.c. 


Effluent  from 

Date. 

Crossness 
crude  sewage. 

Effluent  from 
4-foot  single 
coke-bed. 

Effluent  from 
6-foot  primary 
coke-bed. 

6-foot  coke -bed 
again 

passed  through  the 
laboratory  vessel 

Effluent  from 
6-foot  secondary 
coke-bed. 

at  Crossness. 

1898. 
May  11 


June 

11 

11 


9 

15 

22 


July  6 


20 


V 


27 


An«. 

» 


■I 

9 


V 


19 


at  least  10  but 
less  than  100 
at  least  1,000 

at  least  100  but 
less  than  1 ,000 
at  least  100  ... 
at  least  10  ... 

at  least  1,000 

at  least  10  but 
less  than  1 00 
at  least  100  but 
less  than  1 ,000 
at  least  100  ... 

at  least  100  ... 
at  least  10  but 
less  than  1 00 
at  least  100  ... 


at  least  100  but 
less  than  1,000 

at  least  100  but 

less  than  1,000 
at  least  1,000 

at  least  100 
at  least  10 
at  least  10  but 
less  than  100 


at  least  100  but 
less  than  1,000 
at  least  100  but 
less  than  1 ,000 
at  least  100  ... 
at  least  100  ... 

at  least  100  ... 


at  least  1 0 but 
less  than  100 
at  least  100  ... 

at  least  100  ... 

at  least  10  ... 

at  least  100  ... 

at  least  10  ... 


at  least  100 

at  least  10  but 
less  than  100 
at  least  10 
at  least  10  but 
less  t han  100 
at  least  10 


Number  of  Spores  of  B.  £nterit/c//s  Sporogenes  in  / c c. 


D/agram  S 


Number  of  Spores  of  S.  E nteritid is  Sporoge nes  m / c.c. 


Crossness  results — B.  enteritidis  sporogenes. 
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Table  Y. — ccnitinued. 


Date. 

Crossness 
cruie  sewage. 

Effluent  from 
•i-foot  single 
coke-bed. 

Effluent  from 
fi-foot  primary 
coke-bed. 

Effluent  from 
6-foot  coke-bed 
again 

passed  tiirough  thi 
laboratory  vessel 
at  Crossness. 

Effluent  from 
6-foot  secondary 
coke-bed. 

loss. 

Aug.  24 

at  least  100  but 

at  least  100  ... 

at  least  100  but 

at  least  10  but 

Sept.  14 

less  than  1,000 
at  least  1,000 

at  least  100  but 

less  than  1 ,000 
at  least  10  but 

less  than  100 
effluent  from 

at  least  100 

„ 21 

at  least  1,000 

less  than  1,000 
at  least  100  ... 

less  than  100 
at  least  100  but 

G-ft.  primary 
coke-bed  now 
turned  on  to 
6-f  t.  secondary 
coke-bed 

at  least  100 

„ 28 

at  least  100  but 

at  least  100  but 

less  than  1,000 
at  least  100  ... 

at  least  100 

Oct.  5 

less  than  1,000 
at  least  100  but 

less  than  1,000 
at  least  100  ... 

at  least  100  but 

at  least  100 

„ 12 

less  than  1 ,000 
at  least  1,000 

at  least  1,000 

less  than  1,000 
at  least  100  ... 

at  least  10  but 

21 

at  least  100  but 

at  least  100  ... 

at  least  100  but 

less  than  1 00 
at  least  100 

..  26 

less  than  1,000 
at  least  100  but 

less  than  10  ... 

less  than  1 ,000 
at  least  100  ... 

at  least  1,000 

Nov.  2 

less  than  1 ,000 
at  least  10  ... 

at  least  10  ... 

at  least  10  ... 

at  least  10 

„ a 

at  least  1,000 

at  least  1,000 

at  least  100  ... 

at  least  100 

..  16 

at  least  1,000 

at  least  100  ... 

at  least  100  but 

at  least  10  but 

„ 23 

at  least  1,000 

at  least  100  ... 

less  than  1.000 
at  least  100  ... 

less  than  100 
at  least  100  but 

„ 30 

at  least  1,000 

at  least  100  but 

at  least  100  ... 

less  than  1,000 
at  least  100 

Dec.  7 

at  least  10  but 

less  than  1 000 
at  least  100  ... 

at  least  100  but 

at  least  10  but 

„ 14 

less  than  100 
at  least  100  but 

at  least  10  and 

less  than  1 ,000 
at  least  10  and 

less  than  100 
at  least  100  but 

„ 21 

less  than  1 ,000 
at  least  1,000 

? 100 

at  least  1,000 

? 100 

? 10,  less  than 

less  than  1 .000 
? 10,  less  than 

100 

100 

In  summarising  these  results,  it  is  to  be  noted  that — 

(1)  The  number  of  spores  of  B.  enteritidis  sporogenes  both  in  the 
crude  sewage  and  in  the  effluents  varied  as  a rule  from  10  to  1,000 
per  c.c.  Usually  there  were  more  than  100. 

(2)  The  bacterial  treatment  did  not  produce  any  significant 
alteration  in  the  number  of  spores  of  this  pathogenic  anaerobe,  and 
sometimes  the  number  of  spores  was  greater  in  the  effluents  than  in 
the  corresponding  samples  of  crude  sewage.  Possibly  this  may  be 
due  to  the  spores  being  stored  in  the  coke-beds  and  being  occasionally 
washed  out.  '1  his  hypothesis  would  account  for  the  observed  fact 
that  sometimes  the  number  of  spores  of  aerobic  bacteria  in  the 
effluents  was  greater  than  in  the  corresponding  sample  of  sewage. 
Speaking  generally,  and  dealing  only  with  corresponding  samples 
of  raw  sewage  and  effluent,  and  where  the  absence  of  B.  enteritidis 
was  established  in  an  amount  of  liquid  one-tenth  less  than  the 
quantity  in  which  it  was  found  to  be  present,  i.e.,  a negative  as 
well  as  a positive  result  was  obtained,  more  cannot  be  said  than 
that  the  number  of  spores  of  B.  enteritidis  was  more  often  observed 
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to  be  less  in  the  effluents  as  compared  with  the  corresponding 
sample  of  crude  sewage  than  vice  versa. 

In  view  of  these  results,  and  remembering  the  virulence  * to  rodents 
of  this  microbe  cultured  in  milk,  and  its  alleged  relation  to  certain 
cases  of  acute  diarrhoea  in  the  human  subject,  it  is  remarkable  that, 
some  still  assert  that  the  effluents  from  bacteria-beds  are  free  from 
pathogenic  germs. 

Another  point  on  which  there  is  evidently  misconception  is  the  belief 
that  because  B.  enteritidis  sporogenes  is  present  in  normal  stools,  the 
presence  of  this  anaerobe  in  an  effluent  or  in  a water-supply  is  of  no 
moment.  It  is  as  idle  to  assert  that,  because  it  may  be  present  in 
normal  stools,  its  presence  in  an  effluent  or  in  a water-supply  is  of  no 
importance,  as  it  would  be  to  maintain  that  because  dipbcoccv. * 
pneumonice  (one  of  the  most  pathogenic  micro-organisms  known)  may 
be  present  in  normal  human  saliva,  its  presence  elsewhere  in  nature  is 
not  fraught  with  any  untoward  significance. 

Fig.  7 shows  the  appearances  produced  in  sterile  milk  when  inocu- 
lated with  a minimal  quantity  of  sewage  and  thereafter  heated  to  80c  C. 
for  ten  minutes  and  cultivated  anaerobically  at  blood-heat.  Briefly,  the 
casein  is  precipitated  and  torn  into  irregular  masses  by  the  copious 
development  of  gas,  and  the  whey  presents  a nearly  transparent  or 
slightly  cloudy  appearance.  Now.  even  if  we  forget  that  these  character- 
istic changes  in  the  milk  are  microbial  in  origin,  and  discard  altogether 
the  question  of  the  pathogenicity  of  the  micro-organisms  concerned  in 
the  process,  and  if  we  regard  the  change  in  the  medium  merely  as  a special 
phenomenon  to  be  associated  with  the  introduction  of  certain  substances 
as  opposed  to  others,  the  test  still  remains  extremely  valuable.  For 
the  particulate  matter  in  as  much  as  from  100  to  500  c.c.  of  a pure 
water  t does  not  in  point  of  fact  produce  these  changes  when  added  to 
milk,  whereas  the  addition  of  as  little  as  Tiyo  to  tAto  c-c-  of  sewage  does 
bring  about  this  change.  Nor  do  we  know  of  any  substance  which  is 
not  either  objectionable  per  se  or  which  can  be  proved  not  to  have  been 
associated  at  some  time  with  matter  of  undesirable  sort  which  can  effect 

a similar  transformation  in  milk.  _ . 

As  regards  polluted  and  cultivated  soils  (and  their  ‘‘washings  ) aiu 
virgin  soils  (and  their  “ washings  ”),  it  maybe  said  that  the  spores  of 
B.  enteritidis  sporogenes  are  present  in  great  abundance  in  rhe  formei 
and  absent  (or  relatively  so)  from  the  latter.  _ . 

The  only  reasonable  objection  that  can  be  urged  against  the  test  is 
that  the  fact  of  B.  enteritidis  sporogenes  being  a sporing  anaerobe 


* It  is  true  that  sometimes  a milk  culture  showing  Klein’s  “ enteritidis  change  is 
found  to  be  uon-pathogenic  to  rodents,  but  in  these  eases  it  is  usually  n 

my  experience,  from  the  same  series  of  cultures  to  inoculate  an  animal  with  a'ypical  y 
“ changed  ” milk  culture  lower  in  the  scale  of  dilutions  (<e  containing  more  of  thesewage 
or  effluent  in  question)  to  obtain  a pathogenic  result.  It  may  be  difficult  y determine 
whether  in  these  cases  we  are  dealing  with  aberrant  and  nonqiyhogcmc  . tnumy 
B.  enteritidis  sporogenes  or  with  microbes  of  separate  species  ® 

of  producing  a similar  transformation  in  milk  culture).  Hut  t c , . . 

in  milk  culture  is  always  significant,  although  Mmctiraes  the  curve  of  the  <«t«Ud 
change  plus  virulence”  falls  below  the  curve  of  the  enteritidis 

f The  demonstration  of  the  spores  of  Ji.  enteritis  sporogenes  £ "utetances  bearing 
no' conceivable  relation  to  water-supply  is  of  interest  j but  this  must  not  be  use  las 
an  argument  against  the  utility  of  the  test,  as  a test,  in  the  bacteriological  examina 

of  potable  waters. 


Crossness  residts — B.  enteritidis  sporogenes. 
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weakens  somewhat  its  usefulness  of  taking  its  presence  as  an  indication 
of  recent  and  therefore  presumably  specially  dangerous  pollution.  Ot 
course,  such  a contention  has  little  or  no  beai’ing  on  the  experiments 
carried  out  this  inquiry. 

It  will  be  noticed  that  the  spores  of  B.  enteritidis  often  exceeded  in 
number  the  total  number  of  spores  of  aerobic  bacteria.  The  reason  lor 
this  probably  lies  in  the  fact  that  B.  enteritidis  is  an  anaerobe.  In 
nature,  anaerobic  micro-organisms  are  usually  found  to  be  present  in 
the  spore  form,  because  doubtless  it  is  but  seldom  that  the  conditions 
are  favourable  for  their  anaerobic  growth,  and  if  they  were  not  capable 
of  forming  spores  under  adverse  circumstances  they  must  soon  lose 
their  vitality  and  die.  Aerobic  bacteria,  on  the  other  hand,  commonly 
find  in  nature  the  conditions  favourable  for  their  continued  growth  and 
multiplication,  and  therefore  are  usually  met  with  in  the  vegetative 
form.  In  surface  soil,  however,  as  has  been  already  pointed  out,  the 
ratio  of  spores  to  bacteria  is  very  high,  possibly  because  the  physical 
conditions  are  frequently  most  unfavourable  to  microbial  life. 

On  comparing  the  figures  as  regards  the  total  number  of  bacteria  and 
number  of  spores  of  B.  enteritidis  no  definite  correspondence  can  be  made 
out  between  the  two  sets  of  figures  either  in  the  case  of  the  crude 
sewage  or  in  the  effluents.  In  not  a few  cases  when  the  total  number 
of  bacteria  was  large  the  number  of  spores  of  B.  enteritidis  was  small 
and  vice  versa. 

It  might  perhaps  have  been  anticipated  that  both  in  the  case  of  the 
crude  sewage  and  in  the  effluents  there  would  be  some  measure  of 
correspondence  between  the  number  of  B.  coli  and  the  number  of  spores 
of  B.  enteritidis  sporogenes.  On  comparing  the  two  sets  of  figures  it 
would  seem  that  this  is  not  the  case ; indeed,  if  there  is  any  relation 
at  all  it  is  an  inverse  one.  Thus,  dealing  in  the  first  place  with  the 
crude  sewage  only,  it  will  be  noticed  that — 

On  ten  different  occasions  the  number  of  spores  of  B.  enteritidis  was 
very  high,  viz.,  at  least  1,000  per  c.c.  On  the  corresponding  dates  tho 
number  of  B.  coli  was  five  times  below  the  average,  only  twice  above, 
and  on  three  occasions  the  average  number  was  present. 

Taking  next  the  five  samples  in  which  B.  coli  was  present  in  great 
numbers,  namely,  1,000,000  or  more  per  c.c.  In  the  corresponding 
samples  the  number  of  spores  of  B.  enteritidis  was  about  the  average 
three  times,  less  than  the  average  once,  and  above  the  average  once. 

Taking  next  the  three  samples  in  which  B.  enteritidis  was  present  in 
small  numbers,  namely,  at  least  10  but  less  than  100  per  c.c.  On  one 
ot  these  dates  B.  coli  was  present  in  number  exceeding  one  million 
per  c.c.,  and  in  the  two  other  samples  the  number  of  B.  soli  was  below 
the  average. 

Next  dealing  with  the  10  samples  in  which  B.  coli  was  distinctly 
below  the  average,  namely,  those  in  which  the  number  was  300,000  or 
less  per  c.c.  In  three  of  these  samples  the  number  of  spores  of 
B.  enteritidis  was  over  1,000,  five  samples  contained  the  average  number, 
and  in  the  remaining  two,  the  number  was  below'  the  average. 

Secondly,  dealing  with  the  effluents  from  the  4-foot  single  coke-bed. 
a similar  although  perhaps  less  well-marked  discrepancy  between  the 
number  of  B.  coli  and  B.  enteritidis  is  noticeable. 
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The  records  as  regards  the  other  coke-bed  effluents  are  not  very 
numerous  and  do  not  lend  themselves  readily  to  comparisons  of  the 
above  sort. 

In  general  summary  of  these  results  it  may  be  said  that — 

(] ) Although  the  total  number  of  bacteria,  the  number  of  spores 
of  aerobic  microbes,  the  number  of  liquefying  micro-organisms,  the 
number  of  B.  coli  and  the  number  of  spores  of  B.  enteritidus 
sporogenes  was,  on  an  average,  less  in  the  effluents  from  the  coke- 
beds  than  in  the  raw  sewage,  the  reduction  was  not  well  marked, 
and  frequently  the  number  was  actually  greater  in  the  effluents 
than  in  the  corresponding  samples  of  crude  sewage. 

(2)  The  4-foot  single  coke-bed  yielded  on  the  whole  better  results 
than  the  6-foot  primary  and  proved  nearly  as  efficient  as  the  6-foot 
secondary  coke-bed. 

(3)  There  was  no  very  definite  evidence,  so  far  as  may  be  judged 
from  these  results,  of  any  special  selective*  process  taking  place 
during  the  bacterial  treatment  of  the  sewage  in  the  coke-beds, 
since  the  bacterial  composition  of  the  effluents  was  very  much  the 
the  same  as  that  of  the  raw  sewage. 

(4)  The  total  number  of  microbes,  both  in  the  crude  sewage  and 
effluents,  was  always  more  than  one  million,  but  usually  less  than 
ten  million  pei’  c.c.;  the  number  of  B.  coli  and  spores  of  B.  entei itidis 
sporogenes  was  usually  more  than  100,000,  and  at  least  100,  but 
less  than  1,000,  respectively,  per  c.c.  More  than  one-tenth  of  the 
total  number  of  bacteria  liquefied  gelatine,  and  only  about  one 
in  20,000  was  present  in  the  spore  form. 

(5)  The  bacterial  composition  of  the  effluents  differed  only 
slightly  from  the  crude  sewage  ; so  far  as  this  could  be  judged  by 
the  records  which  have  been  enumerated,  it  cannot,  in  the  absence 
of  direct  proof  to  the  contrary,  be  safely  considered  that  the 
effluents  from  the  coke-beds  are  less  dangerous  than  the  raw  sewage 
in  their  possible  relation  to  disease. 


B.  Further  experiments  ivith  the  effluents  from  the  4-foot  single,  6-foot 
primary,  and  6-foot  secondary  coke-beds  at  Crossness.  (Series  I.) 

In  the  early  part  of  the  year  1899  some  further  experiments  were 
carried  out  with  the  effluents  from  the  4-foot  single,  6-foot  primary,  and 
6-foot  secondary  coke-beds.  These  took  the  form  ot  comparative 
determinations  of  the  number  of  spores  of  anaerobic  bacteria  in  the  raw- 
sewage  and  in  the  effluents  from  the  coke-beds. 

Number  of  spares  of  anaerobic  bactema  in  Crossness  crude  sewage  and  t» 

the  effluents  from  coke-beds. 

The  effect  of  the  bacterial  treatment  of  the  raw  sewage  in  coke-beds 
was,  as  regards  the  number  of  spores  of  anairobic  bacteria,  to  a con- 


* That,  however,  Borne  selective  process  is  at  work  in  the 
doubted.  For  example,  raw  sewage  contains  little  or  no  oxidi^d  nitrogen,  ^erc^tbe 

effluents  from  the  bacteria-beds  contain  intntcs,  ant  "'  brought  about  by 

amount.  This  alteration  in  the  chemical  staU  of  the  multiply 

nitrifying  bacteria,  and  it  is  highly  probable  that  these  p.  coke-beds  contain 

and  accumulate  in  the  coke-beds,  and  that  the  effluents  from  of  a t€nUt.ive 

more  nitrifying  organisms  than  the  crude  sewage.  £ ome  ■■ ■ 1 
character  which  1 have  carried  out  seem  to  support  this  hv{  o - 
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Fig.  11 — (Diagrammatic.)  Colonies,  superlic 
then  heated  to  80°  C.  for  ten  minute 


al  and  deep,  of  spore-forming  anaerobes  in  agar  plate  cultures  (previously  inoculated  with  c.c.  of  crude  sewage  or  of  effluent,  and 
• ; cultivated  under  anaerobic  conditions  at  37°  C.).  As  seen  under  a low  power  of  the  microscope,  but  not  drawn  to  scale. 
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siderable  extent  covered  by  the  comparative  determinations  of  the 
number  of  spores  of  B.  euteritidis  sporogenes  in  the  raw  sewage  and  in 
the  effluents,  carried  out  during  1898.  Nevertheless,  it  was  considered 
advisable  to  supplement  those  records  with  a series  of  experiments 
dealing  with  the  number  of  spores  of  anaerobic  bacteria  of  all  kinds  in 
the  raw  sewage  and  in  the  effluents  capable  of  growing  at  37°  C.  in 
agar  under  anaerobic  condition. 


Table  YI.  Number  of  spores  of  anaerobic  bacteria  in  1 c.c.  \_Agar  at 
37°  C .] 


Date. 

Crossness 
crude  sewage. 

Effluent  from 
4-foot  single 
coke-bed. 

Effluent  from 
G-foot  primary 
coke-bed. 

Effluent  from 
6-foot  secondary 
col^-bed. 

1899. 

January  11  

1,988 

720 

920 

No  record 

„ 13 

301 

380 

424 

224 

»•  25  ...  ... 

424 

516 

232 

336 

February  1 

201 

100 

191 

197 

„ 8 

The  growths  spre 

ad  over  the  surf 

ace  of  the  medi 

am,  preventing 

„ 15 

148 

accurate 

212 

counting 

160 

124 

n 22 

262 

128 

196 

156 

The  agar  tubes  were  boiled  for  half  an  hour,  rapidly  cooled  to  80°  C., 
then  inoculated  with  the  sewage  or  effluent,  and  kept  for  10  minutes 
at  80°  C.  The  contents  were  next  poured  into  plates,  which  were 
immediately  placed  in  an  air-tight  chamber  containing  a freshly-prepared 
mixture  of  pyrogallic  acid  and  potassium  hydrate  solution. 

Excluding  the  results  obtained  on  January  11th,  as  the  figures  are 
abnormally  high,  and  as  there  is  no  record  on  that  date  for  the  6-foot 
secondary  coke-bed,  the  averages  are  as  follows — 

Average  number  of  spores  of  anaerobic  bacteria  in  five  samples  of 
Crossness  crude  sewage,  and  in  five  comparative  effluents  from  the 
1-foot  single,  6-foot  primary,  and  6-foot  secondary  coke-beds,  268  ; 
267  ; 240  ; and  207  per  c.c.  respectively. 

It  will  be  seen  from  these  results  that  the  bacterial  treatment  of  the 
crude  sewage  in  the  coke-beds  did  not  effect  any  marked  alteration  in 
the  number  of  spores  of  anaerobic  bacteria.  Indeed,  the  number  in  the 
effluent  from  the  4-foot  coke-bed  was  practically  the  same  as  in  the 
raw  sewage,  and  in  the  case  of  the  effluents  from  the  6-foot  primary 
and  the  6-foot  secondary  coke-beds,  the  reduction  was  only  10  and  22 
per  cent,  respectively. 

Pressure  of  other  work  for  the  Council  made  it  impossible  to  stud)' 
exhaustively  the  morphological  and  biological  characters  of  the  different 
kinds  of  anaerobic  bacteria  isolated  in  pure  culture  from  the  anaerobic 
agar  plates ; and  the  notes  under  this  heading  are  of  too  fragmentary  a 
character  to  make  it  advisable  to  place  them  on  record  here.  So  far  as 
could  be  ascertained,  there  was  no  difference,  as  regards  species  of 
microbes,  between  the  anaerobic  cultures  made  from  the  crude  sewage 
and  those  made  from  the  effluents  from  the  coke-beds. 

Ihe  appearance  presented  by  the  colonies  (superficial  and  deep)  under 
a low  power  of  the  microscope  is  shown  diagrammatically  in  fig.  11. 
oo  tar  as  could  be  judged  by  observation  under  a low  power  of 


90 


The  Bacterial  'Treatment  of  Sewage. 


the  microscope  and  by  making  sub-cultures,  the  number  of  spore- 
forming  anaerobes  of  different  species  was  not  great.  As  regard* 
growth  in  anaerobic  milk  culture,  some  of  the  microbes  isolated  from 
the  agar  plate  cultures  produced  precipitation  of  the  casein,  with 
abundant  development  of  gas,  while  the  whey  remained  nearly  trans- 
parent, or  presented  only  a slightly  cloudy  appearance ; others  produced 
no  visible  change  even  after  several  days’  incubation  at  37°  C.;  others 
again  gave  rise  to  an  appearance  resembling  slow  peptonization, 
beginning  immediately  below  the  surface,  and  gradually  extending 
downwards  in  cylindrical  fashion. 

A rise  or  fall  above  or  below  the  mean  in  the  number  of  the  spores  of 
anaerobic  bacteria  in  the  crude  sewage  was  usually  associated  with  a 
similar  increase  or  decrease  in  the  number  of  spores  of  anaerobes  in  the 
effluents  from  the  4-foot  single,  6-foot  primary,  and  6-foot  secondary 
coke-beds. 

In  conclusion,  and  as  an  addition  to  the  records  of  the  bacterial  com- 
position of  Crossness  crude  sewage,  it  may  be  worthy  of  note  that  the 
number  of  spores  of  anaerobic  bacteria  (agar  at  37°  C.)  in  Crossness 
crude  sewage  is  usually  between  200  and  300  per  c.c. 

C. — Experiments  with  the  effluents  from  the  13  -foot  cohe-bed  at  Crossness* 

The  chief  results  obtained  will  be  given  under  the  following  headings — 

(a)  Total  number  of  bacteria  (gelatine  at  20°  C.). 

(b)  Number  of  B.  coli  or  closely  allied  forms. 

(c)  Number  of  spores  of  B.  enteritidis  sporogenes  (Klein). 

(d)  Number  of  bacteria  capable  of  growing  in  agar  at  373  C. 

(a)  Total  number  of  bacteria  (gelatine  at  20°  C.). 

The  results  as  regards  the  total  number  of  bacteria  are  given  in  the 
following  table — 


Table  VII.  Showing  the  total  number  of  bacteria  in  1 c.c. 


Date. 

Crossness  crude 
sewage. 

Effluent  from  the- 13  ft.  coke- 
bed  at  Crossness. 

March 

22 

1899. 

5,000,000 

2,000,000 

May 

ii 

4,600,000 

3,000,000 

16,000.000 

July 

5 

7,200,000 

August 

2 

4,110,000 

8,000,000 

September 

i 

2,240,000 

1.940.000 

7 

3,910,000 

1,490,000 

13 

11,170,000 

6.040.000 

6.750.000 

19 

9,580.000 

27 

5,000,000 

4.100.000 

October 

4 



4,300,000 

5,320,000 

These  results  are  shown  in  graphic  form  in  diagram  7. 

It  is  to  be  noted  that  the  average  numbers  of  microbes  in  the  crude 
sewage  and  in  the  effluent  from  the  13-foot  coke-bed  were  5,711,000 
and  5,364,000  per  c.c.  respectively.  This  means  a reduction  of  only 
6 per  cent.,  the  reason  being  that  on  July  5th  and  August  2nd  the 
effluent  contained  a much  larger  number  of  micro-organisms  than  the 
raw  sewage.  On  all  other  occasions,  with  one  exception  (October  4th). 
the  effluent  contained  fewer  bacteria  than  the  corresponding  samples  of 


* A description  of  this  bed  will  be  found  in  the  Chemical  Division  of  this  book . 
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crude  sewage.  In  the  raw  sewage  a rise  or  fall  above  or  below  the  mean 
in  the  total  number  of  microbes  was,  on  seven  occasions,  coincident  with 
a similar  increase  or  decrease  in  the  number  of  germs  in  the  corres- 
ponding samples  of  effluent.  In  the  remaining  three  cases,  this 
relationship  was  not  observed. 

( b ) Number  of  B.  coli  or  closely  allied  forms. 

The  results,  as  regards  B.  coli,  are  given  in  the  following  table — 


Table  VIII.  Number  of  B.  coli  or  closely  allied  forms  per  c.c. 


Date. 

Crossness  crude 
sewage. 

Effluent  from  the  13  ft.  coke- 
bed  at  Crossness. 

1899. 

March  22  

100,000 

100,000 

May  11  

700,000 

200,000 

None  in  0'00001  c.c. 

Jnly  5 

None  in  0'00001  c.c. 

August  2 

900,000 

400,000 

September  1 

400.000 

300.000 

200,000 

100,000 

13  

500,000 

900,000 

„ 19  

1,900,000 

900,000 

,.  27  

500,000 

300,000 

October  4 

600,000 

600,000 

These  results  are  shown  in  graphic  form  in  diagram  8. 

The  table  shows  that  on  one  occasion  the  number  of  B.  coli  was  greater 
in  the  effluent  from  the  lo-foot  coke-bed  than  in  the  corresponding 
sample  of  raw  sewage.  In  nearly  all  the  other  cases,  the  crude  sewage 
contained  the  larger  number.  Nevertheless,  although  on  an  average  the 
bacterial  treatment  of  the  crude  sewage  effected  a reduction  in  the 
number  of  B.  coli,  the  number  actually  remaining  in  the  effluents  was 
very  large— usually  more  than  100,000  per  c.c. 

(c)  Number  of  spores  of  B.  enteritidis  sporogenes  {Klein). 

The  results,  as  regards  B.  enteritidis  sporogenes,  are  given  in  the 
following  table — 


Table  IX.  Showing  the  number  of  spores  of  B.  enteritidis  sporogenes 
{Klein). 


Date. 

Crossness  crude  sewage. 

Effluent  from  the  13  ft.  coke-bed 
at  Crossness. 

March 

1899. 

22 

+ 01  c.c 

+ -01  C.C. 

April 

12 

... 

-01  and  "001  ; — '0001  c.c. 

• •• 

+ -01  ; - -001  c.c. 

>1 

19 

*01  j — *001  c.c. 

• •• 

+ -01 ; - -001  c.c. 

May 

27 

+ -001  ; - -0001  C.C.  ... 

+ -01  ; - -001  c.c. 

4 

4-  ‘01  and  001  ; — -0001  c.c. 

+ -01  ; - -001  c.c. 

It 

11 

... 

+ -01 ; - -OOl  c.c. 

- -01  c.c. 

tt 

18 

... 

+ '01 ; — -001  c.c. 

— "01  c.c. 

July 

5 

+ '01  ; - -001  c.c. 

+ '1  ; — '01  c.c. 

August 

2 

+ -1  and  -01  ; - -001  c.c. 

+ -1  and  -01  ; — "001  c.c. 

September  1 

... 

-f  '1,  '01  and  -001  c.c.  ... 

+ -1  and  -01  ; — -001  c.c. 

tt 

7 

... 

-j-  '1  and  -01 ; — '001  c.c. 

+ '1,  '01  and  -001  c.c. 

ft 

13 

... 

+ '1,  '01  and  "001  c.c.  ... 

+ '1,  '01  and  -001  c.c. 

It 

19 

... 

-j-  *1,  '01  and  '001  c.c.  ... 

+ -1  and  '01  ; — '001  c.c. 

»» 

27 

... 

-j-  1 and  ‘01  ; - -001  c.c. 

'1  and  '01  ; — -001  c.c. 

October 

4 

... 

4-  1 and  Til  ; — -001  c.c. 

... 

4*  '1  and  '01  ; — '001  c.c. 

The  sign  + signifies  the  presence  and  the  sign  — the  absence  of  the  spores  of 
11.  enteritidis  sporogenes. 

These  results  are  shown  in  graphic  form  in  diagram  9. 
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It  is  to  be  noted  that  although  the  number  of  spores  of  B.  e uteri  tl/Lis 
sporogenes  was  frequently  less  in  the  effluents  from  the  13-foot  coke-bed 
than  in  the  corresponding  samples  of  crude  sewage,  the  actual  number 
of  spores  remaining  in  the  effluent  after  the  bacterial  treatment  of  the 
sewage  was  very  large — usually  at  least  100,  but  less  than  1,000  in  1 c.c. 
(cl)  Number  of  baderia  capable  of  growing  in  agar  at  37°  C. 

On  May  18th  and  25th,  1898,  a comparison  was  made  between  the 
number  of  bacteria  in  Crossness  crude  sewage  growing  (a)  in  gelatine  at 
20°C.  and  ( b ) agar  at  37°C.  The  results  were  as  follows — 

(a)  3,670,000  and  6,400,000  (gelatine  at  20°C.)  ")  Bacteria  in 

(b)  1,260,000  and  1,171,000  (agar  at  37°C.)  j 1 c.c. 

A similar  experiment  (May  18,  1898),  carried  out  with  the  4-foot  single 
coke-bed  effluent  gave  4,100,000  (gelatine  at  20°C.)  as  compared  with 
1,630,000  (agar  at  37°C.)  bacteria  per  c.c. 

At  the  period  (May,  1898)  when  these  experiments  were  made, 
the  pressure  of  other  important  work  prevented  a series  of  experiments 
being  carried  out  on  the  above  lines.  It,  however,  was  considered 
important  to  extend  these  observations  at  a3  early  a date  as  possible. 

The  following  table  gives  the  number  of  bacteria  (agar  at  37°  C.)  in 
Crossness  crude  sewage  and  in  the  effluent  from  the  13-foot  coke-bed. 
It  also  gives,  for  comparative  purposes,  the  number  of  bacteria  (gelatine 
at  20°  C.)  in  the  corresponding  samples. 


Table  X.  Showing  the  number  of  baderia  {agar  at  373  C.  and  gelatine 
at  20°  C.)  in  seven  samples  of  Crossness  crude  sewage,  and  seven 
samples  of  the  effluent  from  the  1 8-foot  coke-bed. 


Number  of  bacteria  in  1 c.c. 

Date. 

Crossnes*  crude  sewage. 

Effluent  from  the  13-foot  coke-bed. 

Agar  at  37°  C. 

Gelatine  at  20“  C. 

Agar  at  37“  C. 

Gtlatine  at  -0°  C. 

1899. 

August  2 ... 

September  1 ... 

„ 7 ... 

„ 13  ... 

„ 19  ... 

„ 27  ... 

October  4 ... 

2,660,000 

1,660,000 

1.530.000 

6.830.000 

5.270.000 

2.600.000 
2.510,000 

4.110.000 

2.240.000 

3.910.000 
11.170,000 

9.580.000 
5,000,000 

4.300.000 

2.540.000 
670  000 
930.000 

5.210.000 

4.020.000 

2.400.000 

3.850.000 

8,000,000 

1.940.000 

1.190.000 

5.040.000 

6.750.000 

4.100.000 

5.320.000 

These  results  are  shown  in  graphic  form  in  diagram  10. 

The  table  shows  that  the  average  number  of  bacteria  (agar  at  37“Cd 
in  the  crude  sewage  and  in  the  effluent  was  3,294,444  and  2,b02.85/ 
respectively  per  c.c.,  showing  a reduction  of  about  14  percent,  further, 
that  the  average  number  of  bacteria  (gelatine  at  20°  C.)  in  the  crude 
sewage  and  in  the  effluents  was  5,758,5/1  and  4,662,85/  respectively 
per  c.c.,  i.e.,  a reduction  of  about  19  per  cent.  • ^ 

Comparing  the  figures  3,294,444  (agar  at  37“  C.)  and  5,758,5/1 
(gelatine  at  20°  C.),  it  is  to  be  noted  that  the  difference  is  42  per  cent. ; 
hence  more  than  one-half  of  the  number  of  bacteria  capable  ot  growing 
in  gelatine  at  20°  C.  can  likewise  grow  in  agar  at  37  f . M hen  a 
similar  comparison  is  made  as  regards  the  effluents  from  the  13-foot 
coke-bed,  the  difference  is  46  per  cent. 


Diagram  10 
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It  is  evident  from  these  results  that  the  bacterial  treatment  of  the 
sewage  in  the  coke-beds  did  not  effect  any  marked  reduction  in  the 
number  of  organisms  growing  at  blood-heat ; indeed,  the  reduction  was 
less  as  regard^  these  germs  than  as  regards  the  bacteria  growing  in 

gelatine  at  20°  C.  . 

Although  gelatine  is  doubtless  a more  favourable  medium  than  a.gar 
for  the  growth  of  bacteria  of  all  sorts,  it  is  not  the  difference  of  nutrient 
medium,  but  of  temperature  which  chiefly  accounts  for  the  difference  in 
the  numbers  under  the  two  sets  of  conditions.  As  a matter  of  fact,  the 
number  of  bacteria  in  sewage  capable  of  growing  at  37°  C.  is  both 
actually  very  great  and  is  very  great  also  in  relation  to  the  total  number 
of  microbes  growing  at  the  ordinary  temperature,  the  reason  apparently 
being  that  so  many  of  the  micro-organisms  found  in  sewage  are  derived 
from  the  intestinal  discharges  of  animals,  e.g .,  B.coli,  which  microbe  has 
been  shown  to  be  present  in  numbers  usually  exceeding  100,000  per  cc. 

In  pure  waters,  the  number  of  “ blood-heat  ” bacteria  is  usually  small, 
and  the  ratio  of  these  bacteria  to  the  number  of  germs  growing  at  the 
ordinary  temperature  is  likewise  small. 

Although  a large  number  of  “ blood-heat  ” bacteria  is  considered  an 
unfavourable  characteristic  in  an  effluent,  it  must  not  be  supposed  that 
all  the  different  species  of  microbes  capable  of  growing  at  37°  C.  are 
harmful.  Many  found  in  sewage  and  elsewhere  in  nature  are,  so  far  as 
we  know,  quite  unobjectionable,  e.g.,  B.  subtilis,  B.  mesentericus,  B. 
mycoides , etc.  On  the  other  hand,  others  are  decidedly  objectionable 
and  may  be  pathogenic  under  certain  conditions,  e.g.,  B.  coli  and  B. 
jproteus  (certain  forms),  and  some  are  definitely  pathogenic,  e.g.,  B. 
pyocyaneus.  On  one  occasion  B.  pyocyaneus  was  isolated  from  a sample 
of  Crossness  crude  sewage.  1 c.c.  of  a 24  hours’  broth  cultui'e  (at  37°  C.) 
of  this  microbe  injected  subcutaneously  into  a guinea-pig  killed  the 
animal  in  less  than  24  hours,  and  the  organism  was  recovered  in  pure 
culture  from  the  heart’s  blood,  spleen,  etc. 

On  November  1,  1899,  B.  pyocyaneus * was  isolated  from  tooo  c.c.  of 
the  effluent  from  the  secondary  coarse  bed  (series  A)  at  Barking,  t A 
guinea-pig  injected  subcutaneously  with  1 c.c.  of  a twenty-four  hours’ 
broth  culture  (at  37°  C.)  died  in  less  than  24  hours,  and  the  same 
micro-organism  was  isolated  in  pure  culture  from  the  heart’s  blood  of 
the  guinea-pig. 

So  far  as  may  be  judged  by  a rise  or  fall  above  or  below  the  mean, 
the  figures  show’  that,  both  as  regards  the  crude  sewage  and  the  effluents, 
there  was  a decided  parallelism  between  the  number  of  bacteria  growing 
in  agar  at  37°  C.  and  the  number  growing  in  gelatine  at  20°  C. 
Similarly,  a rise  or  fall  above  or  below  the  mean  in  the  number  of 
bacteria  capable  of  growing  in  agar  at  37°  C.  in  the  crude  sewage  wTas 
nearly  always  coincident  with  a rise  or  fall  in  the  number  of  microbes 
in  the  corresponding  effluents  from  the  13-foot  coke-bed. 

In  conclusion,  and  by  way  of  addition  to  the  chief  results  which  wTere 
obtained  during  the  progress  of  the  enquiry,  it  is  to  be  noted  that  the 
number  of  bacteria  capable  of  growing  in  agar  at  blood-heat  in  Cross- 
ness crude  sew’age  is  usually  over  three  millions  per  c.c.,  and  more  than 

* See  Fig.  12. 

t In  certain  epidemics  of  diarrhoea  occurring  in  human  beings,  B.  pyocyaneus 
has  been  isolated  from  the  stools  of  the  patients  and  has  been  regarded  in  these  eases  as 
the  causal  agent. 
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one-half  of  the  number  of  microbes  growing  in  gelatine  at  20°  C.  It 
must  be  admitted  that  the  13-foot  coke-bed  at  Crossness  yielded  very 
unsatisfactory  results  from  the  bacteriological  point  of  view. 

Thus,  although  the  effluents  usually  contained  fewer  bacteria  and  less 
ot  B.  coli  and  spores  of  B.  enteri  tides  sporogenes  than  the  crude  sewage, 
the  reduction  was  not  well  marked,  and,  indeed,  was  immaterial  from 
the  epidemiological  point  of  view,  considering  the  actual  number  still 
remaining.  For,  as  has  been  already  pointed  out,  the  effluents  usually 
contained  more  than  one  million  microbes,  more  than  100,000  B.  coli. 
and  at  least  100  but  less  than  1,000  spores  of  B.  enteritidis  sporogenes  perc.c. 


IV.  The  experiments  on  the  bacterial  treatment  of  sewage 
at  the  Northern  Outfall  Works  (Barking). 

1.  The  cohe-heds  and  the  ragstone-beds .*  (Series  I.) 

The  beds  were  four  in  number,  namely,  two  of  coke,  (coarse  and  fine  , 
and  two  of  ragstone  (coarse  and  fine). 

Some  of  the  experiments  with  the  effluents,  as  regards  their  effect  on 
animals,  are  recorded  elsewhere  (experiments  on  animals),  as  also  are 
the  notes  on  the  deposit  accumulating  upon  the  coke  in  the  coke-beds  at 
Barking. 

The  effluents  were  chiefly  examined  for  the  presence  of  B.  enteritidis 
sptorogenes,  and  the  results  obtained  in  this  direction  are  given  in  the 
form  of  a table.  But  on  March  16th,  1899,  a sample  of  Barking  crude 
sewage,  and  the  effluents  from  the  fine  ragstone-bed  and  the  fine  coke- 
bed  were  further  examined  for  the  total  number  of  bacteria  and  number 
of  B.  coli.  The  results  were  as  follows  : — 


Barking  crude 
sewage 

Effluent  from  fine  rag- 
stone-bed 

Effluent  from  fine 
coke-bed 


10.000. 000  bacteria  600,000  B.  coli  in 

in  1 c.c.  1 c.c. 

4.000. 000  bacteria  in  500,000  B.  coli  in 

1 c.c.  1 c.c. 

1,800,000  bacteria  in  300,000  B.  coli  in 
1 c.c.  1 c.c. 


The  following  is  a table  of  the  results  as  regards  B.  enteritidis 
sporogenes  (Klein) — 

Table  XI.  Number  of  spores  of  B.  enteritidis  sporogenes  (Klein). 


Effluents  from  the  coke  and  ragstone-beds  at  Barking. 

Date. 

Barking  crude 
sewage. 

Coke. 

Ragstone. 

Coarse. 

Fine. 

Coarse. 

Fine. 

1899 
Jan.  20 
Feb.  2 
,,  9 

„ 15 
Mar.  8 
„ 10 
Apr.  13 

c.c.  c.c. 

+ -01  and  -001 
+ -01  and  *001 
+ -01  and  -001 
4-  "01  and  -001 

+ -oi 

+ -oi 

+ -oi 

c.c.  c.c. 

+ •01;"-, -001 
+ -01  ; - -0O1 
+ *01  and  -001 
+ •01 

-•oi" 

c.c.  c.c. 

+ -01  and  -001 
+ 01 ; - -001 
+ -01  ; - -0O1 
+ -01  and -001 

+ -oi 

- -oi 

- -oi 

C.C.  c.c. 

+ -01  and  ‘001 
+ ’01  and  •001 
+ -01  and  ‘001 
+ •01 

+ -0l’"  ... 

C.C.  C.C. 

+ -01  : - -001 
+ -01  and  ‘001 
+ -01 ; - -001 
+ "01  and  '001 
+ -01 
+ -oi 
- -01 

The  sign  + signifies  the  presence  and  the  sign  — the  absence  of  the  spores  of  B. 


enteritidis  sporogenes. 

These  results  are  shown  in  graphic  form  in  diagram  11. 

* A description  of  these  beds  will  be  found  in  the  Chemical  Division  of  the  book. 
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Barling  results — The  coke,  the  ragstone  and  the  double  coke  beds.  95 


It  might  have  been  anticipated  that  the  fine  beds  would  have  pro- 
duced a°significant  alteration  in  the  number  of  spores  of  this  pathogenic 
anaerobe.  ° This,  however,  was  not  the  case,  and  although  the  number 
in  the  effluents  was  usually  less  than  in  the  corresponding  samples  of 
crude  sewage,  the  reduction  was  not  very  well  marked,  and  was  not, 
moreover,  a constant  feature.  There  did  not  seem  to  be,  as  regards  the 
number  of  spores  of  B.  enteritidis,  any  striking  difference  between  the 
coarse  and  fine  beds,  or  between  the  two  kinds  of  material  (coke  and 
ragstone). 

2.  The  double  coke-beds*  (Series  II.) 

These  coke-beds  were  known  as — 

The  primary  coarse  coke-bed  (A). 

The  secondary  ,,  „ (Al). 

The  primary  „ „ (B). 

The  secondary  fine  ,,  (Bl). 

From  October  10th,  1899,  to  January  17th,  1900,  the  new  beds  at 
Barking  were  under  bacteriological  observation. 

The  results  obtained  will  be  dealt  with  briefly  as  follows — 

(a)  Total  number  of  bacteria  (gelatine  at  20°  G.) 

The  number  of  micro-organisms  in  the  crude  sewage  and  effluents  is 
given  in  the  following  table — 


Table  XII.  Total  number  of  bacteria  in  1 c.c. 


Date. 

Barking 
crude  sewage. 

Effluent  from 
primary  coarse 
bed ; series  A. 

Effluent  from 
secondary  coarse 
bed ; series  A. 

Effluent  from 
primary  coarse 
bed;  series  IS. 

Effluent  from 
secondary  fine 
bed ; series  B. 

1899. 

October 

16 

7,200,000 

1,700,000 

800,000 

23 

5,440,000 

1,500,000 

... 

900,000 

November 

1 

8,800,000 

2,640,000 

2,000,000 

» 

7 

7,060,000 

... 

... 

1,070,000 

400,000 

!» 

13 

3,680,000 

... 

1,180,000 

910,000 

11 

28 

10,400,000 

... 

... 

4,800,000 

2,640,000 

December 

5 

• •• 

... 

1,480,000 

4,620,000 

1,000,000 

11 

12 

• •• 

... 

2,240,000 

2,900,000 

1,420,000 

1900. 

January 

3 

• •• 

2,880,000 

3,970,000 

2,530,000 

n 

17 

... 

... 

1,760,000 

2,000,000 

1,220,000 

These  results  are  shown  in  graphic  form  in  diagram  12. 

It  is  to  be  noted  that  on  four  occasions  one  or  other  of  the  effluents 
contained  less  than  one  million  microbes  per  c.c.,  and  on  fifteen  occasions 
not  more  than  two  millions.  On  November  7th  the  effluent  from  the 
secondary  fine  bed  (series  B.)  contained  only  400,000  microbes  per  c.c., 
as  compared  with  7,060,000  in  the  crude  sewage,  a reduction  of  over 
94  per  cent. 

(b)  Number  of  B.  coli  or  closely  allied  forms. 

The  number  of  B.  coli  in  the  crude  sewage  and  effluents  is  shown  in 
the  following  table — 


A description  of  these  beds  will  be  found  in  the  Chemical  Division  of  the  book. 
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Table  XIII.  Number  of  Li.  coli,  or  closely  allied  forme,  in  1 c.c. 


Burking 
crude  Bewage. 

Effluent  from 

Effluent  from 

Kffl  uent  f i </m  Effl  uent  from 

Date. 

primary  coarse 
Bed ; series  A. 

secondary  coam- 
bed ; series  A. 

j/riirmry  oosu-st  wywwUry  Ant- 
bed  ; w-rie*  b.  bed ; sene*  B. 

1899. 
October  16 

800,000 

( None  in 
| -00001  c.c. 

100,000 

( None  in 
( 00001  c.c. 

» 

23 

200,000 

800,000 

... 

November 

1 

1,600,000 

500,000 

500,000 

7 

1,200,000 

{-SmSe. 

JJ 

13 

600,000 

300,000 

( None  in 
| -00001  c.c. 

December 

28 

200,000 

... 

200.000  100.000 

6 

... 

100  000 

100, (KX)  {St, 

12 

... 

100  000 

400,000  400,500 

1900. 

200,000 

January 

3 

17 

... 

200,000 

160,000 
j None  in 
[ -00001  c.c. 

100,000  None  in 

-00001  c.c. 

These  results  are  shown  in  graphic  form  in  diagram  13. 

It  will  be  noted  that  on  seven  occasions  one  or  other  of  the  effluents 
contained  no  B.  coli  in  -00001  c.c.  Usually,  however,  the  effluents  con- 
tained at  least  100,000  B.  coli  per  c.c. 

Although  there  was  evidence  of  a reduction  in  the  number  of  B.  coli 
in  the  effluents  as  compared  with  the  crude  sewage,  the  large  number 
still  remaining  in  the  effluents  must  be  regarded  as  very  unsatisfactory 
from  the  epidemiological  point  of  view. 

(c)  Number  of  spores  of  B.  enter iliclis  sporogenes. 

The  number  of  spores  of  B.  enteritidis  sporogenes  is  shown  in  the 


following  table — 

Table  XIV.  Number  of  spores  of  B.  enteritidis  sporogenes  (Klein). 


Barking 
crude  sewage. 

Effluent  from 

Effluent  from 

Effluent  from 

Date. 

primary  coarse 
bed ; series  A. 

secondary  coarse 
bed ; series  A. 

primary  coarse 
bed ; series  B. 

secondary  fine 
bed ; 6encs  B. 

1899 
Oct.  16 

C.C. 

4-  -1,  -01  and 

C.C. 

+ *1  and  *01  ; 

C.C. 

+ *1,  *01  and 

C.C. 

C.C. 

4-  -1  and  ’01 ; 
- -001 

4-  -1  and  -01 : 
- -001 

„ 23 

•001 

-|-  -1,  -01  and 
•001 

- -001 

4-  -1,  -01  and 
•001 

•001 

... 

Nov.  1 

4-  -1,  -01  and 

4-  -1,  -01  and 

4-  '1,  "01  ; 

... 

... 

„ 7 

•001 

-p  -1,  -01  and 
•001 

4-  -01  ; - -001 
-j-  -1  and  -01 

•001 

- -001 

4-  -01  and  -01 : 
-•001 

4-  1 and  -01 ; 
- -001 

„ 13 
„ 28 
Dec.  5 
„ 12 

4-  -01  ; - -001 

4-  -Cl  -001 

+ -01  and  -001 

4-  -01  ; - -001 
-j-  -1  and  -01 
-01  and  ’001 
4-  -01  and  ’001 

4-  -1  and  '01 
4-  -01  : - -001 
4-  -01  ; — -001 

1900 
Jan.  3 
„ 17 

... 

4-  -01  ; - -001 

4-  '01  and  '001 
4-  -01 

+ -oi"' 

4-  -Ol  ; - -001 
4-  -01 

The  sign  + signifies  the  presence  and  tl.e  sign  - the  absence  of  spores  of  Ji . enter 


sporogenes. 

These  results  are  shown  in  graphic  form  in  diagram  14. 
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Fig.  12. — H.  pyoct/tinniK.  Isolated 
from  -n?jny  c.c.  of  the  effluent 
from  the  secondary  coarse  bed 
(A  1)  at  the  Northern  Outfall 
Works,  x 1,000. 


Fig.  13. — B.  thermophihu  (or 
allied  form).  Microscopic  pre- 
paration from  a broth  culture. 
Isolated  from  Barking  crude 
sewage.  In  illustration  of  one 
of  the  thermophilic  bacteria — 
these  microbes  are  abundant  in 
the  raw  sewage  and  in  the 
effluent  from  the  coke-beds,  and 
grow  luxuriantly  at  a tempera- 
ture of  60 — 70°  C.  X 1,000. 


Barking  results — The  double  coke-beds. 
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Although,  as  a rule,  the  effluents  contained  fewer  spores  of  B.  enteritidis 
sporogenes  than  the  crude  sewage,  the  reduction  was  not  very  well 
marked,  and,  moreover,  was  not  a constant  factor. 

It  cannot,  therefore,  be  said  that  the  biological  processes  at  work  in 
the  coke-beds  affected  any  significant  alteration  in  the  number  of  spores 
of  this  pathogenic  anaerobe. 


(d)  Concluding  remarks. 

On  November  1st,  1899,  B.  pyocyaneus*  was  isolated  from  Tj'w  c.c. 
of  the  effluent  from  the  second  coarse  bed  (series  A).  The  organism  was 
very  virulent,  1 c.c.  of  a 24  hours  broth  culture  killing  a guinea-pig  in 
less  than  24  hours.  The  same  micro-organism  was  isolated  in  pure 
culture  from  the  heart’s  blood,  etc.,  of  the  animal. 

On  December  6th,  1899,  three  strains  of  “ sewage  proteus  ” were  isolated 
fr°ra  tttotto  c.c.  of  the  effluent  from  the  primary  coarse  bed  (Series  B). 
They  all  liquefied  gelatine  very  rapidly,  they  were  actively  motile,  and 
produced  “ gas”  in  24  hours  in  gelatine  “ shake”  cultures.  One  of  the 
strains  killed  a guinea-pig  in  24  hours  (1  c.c.  of  broth  culture) ; another 
was  not  so  virulent,  although  ulceration  occurred  at  the  site  of  the  in- 
oculation, the  animal  recovered ; the  third  produced  in  a guinea-pig 
only  a slight  local  reaction.  This  last  non-virulent  strain  of  “ sewage 
proteus”  was  used  to  inoculate  the  13-foot  coke-bed  at  Crossness.  1 
had  previously  found  that  this  microbe  was  habitually  present  in  sewage 
in  enormous  number.  Thus,  on  fourteen  different  occasions  “ sewage 
proteus  ” was  isolated  from  c.c.  of  Crossness  crude  sewage.  But 

the  different  races  of  “ sewage  pjroteus,”  although  they  all  produced  rapid 
liquefaction  of  gelatine  and  “ gas  ” in  gelatine  “ shake  ” cultures,  varied 
very  much  in  some  other  respects,  e.g.,  pathogenicity. 

On  November  1st,  1899,  streptococci  xix.,  xx.,  and  xxi.,J  were  isolated 
from  t to  c.c.  respectively  of  the  effluent  from  the  primary  coarse  bed 
(series  A),  and  of  the  crude  sewage. 

During  a considerable  period  of  the  enquiry,  attention  was  directed  to 
the  study  of  the  thermophilic  bacteria.  Dr.  Gordon  suggested  to  me  that 
a comparison  of  their  numbers  in  the  crude  sewage  and  effluents  might 
be  of  value. 


These  micro-organisms  (B.  thermophilus  and  its  allies)  have  been  shown 
to  be  present  in  the  alimentary  canal  of  human  beings  and  other  mam- 
mals, in  sewage,  in  sewage-contaminated  waters,  and  in  soil,  but  not  in 
pure  waters. 

It  was  found  that  thermojjhilic  bacterial  (capable  of  growing  luxuriantly 
in  broth  culture  at  a temperature  of  GO— 70°C.)  were  present  in  London 
crude  sewage  in  abundance.  They  were  also  present,  although  usually 
m smaller  proportion,  in  the  effluents  from  the  coke-beds. 

It  has  been  suggested  that  the  presence  in  or  absence  of  these  bacteria 
from  a water  supply  might  be  employed  as  a test  of  potability.  But,  in 


nrrlina  *£i  J2,  Jhl9  nucro-organism  (B.  pyooyaneut)  must  not  bo  confused  with  the 
ord  nary  hquefymg  fluorescent  bacillus  (B.  /uorcicen , ligur/ucums)  of  sewage,  soil  and 
water.  B.  Jluoroceju  Uquefacimt  either  grows  not  at  all  or  very  feebly,  at  blood- 

id  is  not  virulent : and  it.  differs  in  Q nnmhnr  rs  f a!  l,/,n  « MA « « ..1 i am 


h.nt  „ . . 7 . ‘ v.  HUS  at  an  or  very  reeoiy,  at  blood- 

B pyocyaneut^  TirUCnt  ’ and  ll  differs  in  a number  of  other  important  respects  from 

allied  form’  Tuand  14  ®h°W,  th®  morpbological  appearance  of  B.therrropliilu * or  an 
allied  form  The  micro-organism  represented  in  the  micro-photo,  riphs  was  isolated  from 
London  crude  sewage  ; it  grew  luxuriantly  at  a temperate  of  60-70°  C 
t Figs.  16,  18,  19,  and  pp.  1 12  and  113. 
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The  Bacterial  Treatment  of  Sewage, 


my  experience,  thermophilic  bacteria  are  present  in  numbers  in  soils  not 
recently  polluted  and  are  often  absent  (relatively  speaking)  from  waters 
known  to  be  freshly  contaminated  with  objectionable  matters,  waters, 
moreover,  which,  by  more  reliable  and  delicate  bacteriological  tests,  can 
readily  be  shown  to  be  dangerously  polluted. 

Certainly  the  presence  of  thermophilic  bacteria  in  a water  would  lead 
one  to  suspect  gross  contamination,  but  their  absence  could  hardly  be 
regarded  as  testifying  to  purity  or  “ safety.” 

Nevertheless,  the  test,  as  a rough  indication  of  the  probable  biological 
quality  of  a liquid  and  as  a means  of  comparing  different  liquids,  e.g., 
crude  sewage  and  bacterial  effluents,  is  not  devoid  of  value. 

Vi  (A)  Experiments  with  the  effluents  from  the  chemical  pre- 
cipitation WORKS  AT  THE  NORTHERN  OUTFALL  WORKS  (BARKING) 
AND  AT  THE  SOUTHERN  OUTFALL  WORKS  (CROSSNESS)  AND  WITH  THE 
WATER  OF  THE  RlVER  THAMES. 

(B)  Results  of  the  preliminary  bacteriological  examination  of 
Barking  and  of  Crossness  crude  sewage. 

• 

(A).  Experiments  with  the  effluents  from  the  chemical  precipitation  works 
at  the  Northern  Outfall  Works  (Barking)  and  at  the  Southern  Outfall 
Works  ( Crossness ) and  with  the  water  of  the  River  Thames. 

The  following  table  shows  the  results  of  the  bacteriological  examina- 
tion of  samples  obtained  from  the  above  sources. 

Table  A.  Showing  the  results  of  the  bacteriological  examination  or  the 
effluents  from  the  Northern  ( Barking ) and  from  the  Southern  ( Cross- 
ness) Outfall  Works  and  of  the  water  of  the  River  Thames. 


© 

£ 

V 

© 

p- 

M 

Description 

of 

samples. 

Total  number 
of  bacteria 
in  1 c.c. 

Number  of 
spores  of 
aerobic 
bacteria  in 
1 c.c. 

Number  of 
bacteria  causing 
liquefaction  of 
the  gelatine 
in  1 c.c. 

rH 

1 

2 

3 

4 

1 

Effluent  from 
chemical 
precipitation 
works  at 
Barking, 
Nov.  2,  1898 

6,200,000 

100 

1,100,000 

2 

Effluent  from 
chemical 
precipitation 
w o r K8  at 
C ro  s sness, 
Nov.  2,  1898 

9,800,000 

300 

1,000,000 

Remarks. 


Spores  of  B.  entrritidis 
present  in  O’l,  and  0-01  c.c. ; 
absent  in  0-001  c.c. 

Five  colonies  indistinguish- 
able from  B.  cell  in  phenol 
gelatine  plate  containing 
0-00001  c.c.  effluent  (500,000 
per  c.c.  of  effluent). 

The  plate,  containing  0-1  c.c. 
effluent  (col.  3),  contained  some 
rapidly  liquefying  species,  so 
that  the  numbers  given  are 
onlv  approximate. 

Spores  of  B.  mtrriiidu 
present  in  0-l  and  0-01  c.c. : 
absent  in  O'OOl  c.c. 

Twenty-six  colonies  indis- 
tinguishable from  B.  coli  in 
phenol  gelatine  plate  contain- 
ing 0-00001  c.c.  efflnent 
(2,600,000  per  c.c.  of  effluent). 
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Examination  of  “ chemical”  effluents  and  Thames  water. 


Table  A.. — continued. 


Description 

of 

samples. 


Total  number 
of  bacteria 
in  1 c.c. 


Number  of 
spores  of 
aerobic 
bacteria  in 
1 c.c. 


Numbor  of 
bacteria  causing 
liquefaction  of 
the  gelatine 
in  1 c.c. 


S 


1 


3 


4 


3 


Thames  water 
collected  off 


10,000 


63 


No  record... 


Greenhitheat 


about  2 p.m., 
October  12th, 
1898,  on  a 
tide  which 
had  ebbed 
from  Cross- 
ness  for  about 
two  hours. 
The  sample 
was,  there- 
fore, judged 
to  be  free 
from  admix- 
ture with 
i recent  sew- 
I age  effluent 
(dry  weather) 
4 | Thames  water, 

| taken  at  low 
I tide  at  Bark- 
ing, and  out- 
side the  in- 
fluence of 
sewage  dis- 
charge, as  far 
as  this  was 
possible, 
Nov.  3,  1898 
(dry  weather) 


34,400 


89 


(A  surface 
gelatine 
plate  culture 
containing 
0-l  c.c.  of  the 
water  was 
com  pletely 
liquefied  by 
the  2nd 
day.) 


r, 


Thames  water, 
sample  taken 
in  mid- 
stream be- 
tween Sun- 
bury  and 
Hampton, 
just  above  in- 
take of  the 
S o u t h w a rk 
and  Vaux- 
hall  Water 
Co.  10.40a.m. 
Nov.  15, 1898 
(dry  weather) 


5,100 


56 


No  record... 


Remarks. 


5 


At  least  1 but  less  than  10 
spores  of  Ii.  enteritidis  per  c.c. 
of  water. 

No  colonies  of  B.  coll  observed 
in  phenol  gelatine  plate  con- 
taining as  small  an  amount  of 
water  as  0 001  c.c.  That  B.  coli 
was  present,  however,  in  the 
water  need  not  be  doubted. 

There  were  present  in  the 
cultures  numerous  colonies  of 
B.  fluorescent  liqvefaoiens  and 
non-li  qu efa c ic ns , B.  me&enteri- 
cus,  B.  mycoides,  and  proteus- 
like  forms  were  also  found, 

U«A  ■< 


At  least  1 but  less  than  10 
spores  of  B.  enteritidis  per  c.c. 
of  water.  A guinea-pig  inocu- 
lated with  1 c.c.  of  the  milk 
culture  (containing  l-0  c.c.  of 
water)  which  showed  the  typical 
enteritidis  change,  died,  and 
presented  upon  post-mortem 
examination  the  usual  appear- 
ances ; sanguineous  exudation 
full  of  bacilli,  etc. 

Eighty-four  colonies,  indis- 
tinguishable from  B.  coli,  in 
phenol  gelatine  plate  contain- 
ing 0"1  c.c.  of  the  water. 

There  were  present  in  the  cul- 
tures, colonies  of  B.  mesenteri- 
cus,  proteus  senkeri , B.  fluor- 
escent liquefaciens,  etc. 

Spores  of  B.  enteritidis  sporo- 
genes  absent  in  10,  5-0,  10'0, 
100  0 c.c.;  butpresentin.SOO  c.c. 
A guinea-pig  inoculated  with 
1 c.c.  from  latter  culture  died 
in  less  than  24  hours,  and,  on 
post-mortem  examination,  pre- 
sented the  usual  appearances — 
swollen  belly,  sanguineous  ex- 
udation swarming  with  bacilli, 
etc. 

Forty  gas-forming  B.  coli  per 
c.c.  of  water. 

Colonies  of  B,  fluorescent 
liquefaciens  and  non-liqnefa- 
cirnt  and  protens-forms  present 
in  the  cultures.  Also  a large 
number  of  colonies  of  B.  aqua- 
til  is  sulratus  type. 

The  presence  of  11.  enterit  idis 
in  300  c.c.  of  the  water  was 
demonstrated  by  a special  fil- 
tration process. 

H 2 


Experiment. 
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Table  A. — contirmed. 


Description 

of 

Bomplea. 

'otal  number 
of  bacteria 
in  1 cc. 

Number  of 
spores  of 
aerobic 
bacteria  in 
1 C.C. 

Number  of 
*ctcria  causing 
liquefaction  of 
the  gelatine 
in  1 c.c. 

Remark*. 

1 

2 

3 

4 

5 

Thames  water, 
sample  taken 
in  mid- 
stream at 
Twickenham, 
i opposite 
1 Ham  house, 
i.e.,  about 
half  - way 
between 
Glover’s 
island  and 
Eel  Pie  is- 
land. 11  a.m., 
Nov.  22,  1898 
(very  wet 

weather) 

3,000 

18 

No  record ... 

Spores  of  B.  entcritid  it  tporo- 
genet  present  in  10  c.c.,  5 c.c., 

1 c.c.,  0-1  c.c.  of  the  water  ; ab- 
sent in  OOl  c.c. 

In  a phenol  gelatine  plate 
culture  containing  0*01  c.c.  of 
the  water,  one  colony  indis- 
tinguishable from  B.  enli.  Sub- 
cultures from  this  colony  gave 
the  following  results  : Gas  in 
24  hours  in  gelatine  shake  cul- 
ture incubated  at  20°  C.  Diffuse 
cloudiness  in  broth  in  24  hours 
at  37°  C.  No  indoi  in  five  days. 
Slight  acidity  but  no  clotting 
in  litmus  milk  in  48  hours  at 
37°  C.  In  96  hours,  however, 
the  milk  showed  a solid  clot. 

In  an  ordinary  gelatine  plate 
culture  containing  0 01  c.c.  of 
the  water,  one  colony  indis- 
tinguishable from  B.  coli.  Sub- 
cultures from  this  colony  gave 
the  following  results : Gas  in 
24  hours  at  20°  C.  in  gelatine 
shakeculture ; diffuse  cloudiness 
in  broth  in  24  hours  at  37°  C. ; 
acidity  but  no  clotting  in  litmus 
milk  culture  in  24  hours  at 
37°  C.  No  indoi  in  broth  cul- 
ture, fourth  day,  at  37°  C. 

In  the  above  table  the  results  are  shown  of  the  bacteriological  ex- 
amination of  the  effluents  from  the  Northern  and  from  the  Southern 
Outfall  Works  and  of  the  water  of  the  River  Thames  As  regards  t he 
effluents  from  the  precipitation  tanks,  at  both  outfall  works  it  may  v 
said  that  they  were  no  better  than  average  samples  of  crude  sewage. 
As  regards  Thames  water,  samples  were  taken  at  Greenluthe  an 
Barking  in  such  a way  as  to  avoid,  as  far  as  this  was  po^ib  e,  tin 
influence  of  sewage  discharge.  These  samples  m their  bacterial  com- 
position resembled  dilute  crude  sewage.  Samples  were  also  ejected 
hich  up  the  river,  namely  (1)  between  S unbury  and  Hampton,  just 
above  the  intake  of  the  Southwark  and  Vauxhall  Water  Company  (dry 
weather)  and  (2)  at  Twickenham  (very  wet  weather).  The  former  con- 
tained 40  gas-forming  B.  coli  in  1 c.c.  B ententuhs  fporog^s  was 
uresent  in  300  c c.  (1  c.c.  of  the  culture  killed  a gumea-pig  m less  than 
04.  hours)  but  not  in  100  c.c.  The  latter  contained  100  gas-forming 
B coli  and  at  least  10,  but  less  than  100  spores  of  B enient^  par 
Thus  it  will  be  seen  that  Thames  water  at  Barking  and  J^t  uih 
was  no  better  than  very  dilute  crude  sewage,  and  even  as  high  up  as 
near  Hampton  and  Twickenham  showed  distinct  evidence  of  pollution 

of  the  most  objectionable  kind. 


Examination  of  London  crude  sewage. 
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(B).  Results  of  the  preliminary  bacteriological  examination  of  the  crude 
sewage  at  the  Northern  Outfall  Works  ( Barking ) and  at  the  Soutleem 
Outfall  Works  ( Crossness ). 

At  the  commencement  of  the  enquiry,  the  bacteria-beds  at  Barking 
and  Crossness  were  still  in  course  of  construction.  There  was  an 
advantage  in  this  unavoidable  delay,  since  it  enabled  me  to  devote  a 
considerable  amount  of  attention  to  the  bacteriological  examination  of 
the  Barking  and  Crossness  crude  sewage  before  studying  the  effluents 
from  the  bacteria-beds. 

The  following  table  gives  a brief  summary  of  the  chief  results 
obtained  : — 


Table  B.  Showing  the  results  of  the  bacteriological  examination  of 

London  crude  sewage. 


Nine  samples  were  obtained  from  the  Northern  Outfall  Works  (Barking) 
and  six  samples  from  the  Southern  Outfall  Works  (Crossness). 


z 

Description 
of  the 

Total  number 
of  bacteria 

Number  of 
spores  of 
aerobic 

Number  of 
bacteria  causing 
liquefaction  of 

-g 

in  1 c.c.  of 

bacteria  in 

the  gelatine 

z> 

C, 

samples  of  sewage. 

crude  sewage. 

1 c.c.  of 

in  1 c.c.  of 

X 

W 

i 

2 

crude  sewage. 
3 

crude  sewage. 
4 

Kemarks. 


5 


1 Crossness 
i crude  sewage. 
Feb.  23,  1898 


2 Barking  crude 
I sewage.  Feb.  * 
23.  1898* 


crude  sewage. 
Mar.  2,  1898 


3,810,000 


none  in 
O'OOOl  c.c. 


1,660,000  ! 


30,000 


3,190,000  2,800 


The  liquefy- 
ing colonies 
were  very 
numerous 


The  liquefy- 
ing colonies1 
were  very 
numerous 


The  liquefy- 
ing colonies 
were  very 
numerous 


Spores  of  71.  enteritidis  sporo- 
genes  (Klein)  present  in  0T  c.c. 
crude  sewage. 

A guinea  pig  inoculated  with 
1 c.c.  of  the  whey  from  this 
milk-culture  died  in  less  than 
24  hours  ; the  post  - mortem 
appearances  were  characteristic 
of  enteritidis. 

B.  poll  present  in  0 000025  c.c. 
crude  sewage. 

Very  many  of  the  colonies 
were  proteus-like  in  character. 

Spores  of  B.  enteritidis  sporo- 
genes  present  in  0T  c.c.  crude 
sewage.  Inoculation  into  a 
guinea  pig  produced  results 
similar  to  those  stated  in  ex- 
periment 1,  column  5.  B. 
enteritidis  not  present  in 
anaerobic  milk -cultures  con- 
taining 0-0001,  0-0005,  and 
0'001  c.c.  crude  sewage. 

B.  cuii  present  in  0'000025  c.c. 
crude  sewage. 

Proteus-like  forms  numerous. 

Spores  of  B.  enteritidis  sporo - 
genes  present  in  0'01  c.c.  sewage. 

Numerous  colonies  of  1 1.  roll 
in  0'01  c.c.  sewage. 

B.  fluorescent  liquefaciens. , 
10,000  in  1 c.c.  of  sewage. 

Proteus  - like  forms  very 
numerous. 


In  carrying  out  some  of  these  experiments  I had  the  advantage  oA  Mr.  E.  Brooke 
Pike's  valuable  assistance. 
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Table  B. — continued. 


Description 
of  tho 
samples  of  sewage. 


Total  number 
of  bucteria 
in  1 c.c.  of 
crude  sewage 


Number  of 
spores  of 
aerobic 
bacteria  in 
1 o.o.  of 
crude  sewage. 


Number  of 
bacteria  causing 
liquefaction  of 
the  gelatine 
in  1 cc.  of 
crude  sewage. 


Crossn  ess 
crude  sewage. 
Mar.  2,  1898. 
(The  sample 
was  collected 
on  the  same 
day  as  the 
above  but  at 
a different 
hour) 

Barking  crude 
sewage.  April 
4, 1898 

Barking  crude 
sewage.  April 
15,  1898 

Barking  crude 
sewage.  April 
20,  1898 


Crossness 
crude  sewage. 
Apl.  20,  1898 


10 


Barking  crude 
sewage.'April 
22, 1898 
Barking  crude 
sewage.  April 
27,  1898 


5,290,000 


500 


1.760.000 

513,383 

6.920.000 


2,410,000 


80 


263 


290 


180 


4.300.000 

3.850.000 


The  liquefy- 
ing colonies 
were  very 
numerous 


The  liquefy- 
ing colonies 
were  very 
numerous 
220,000 


The  liquefy- 
ingcolonies 
were  very 
numerous 


The  liquefy- 
ing colonies 
were  very 
numerous 


400 

333,000 

470 

The  liquefy- 

ing colonies 

were  very 

numerous 

Jifcmarkr. 


S 


Spores  of  B.  en**ritidix  tpnro- 
gene*  present  in  0*01  c.c.  sewage. 

Numerous  colonies  of  B.  coli 
in  0 01  c.c.  sewage. 

Many  of  the  colonies  were 
proteus-like  in  character. 


The  colonies  were  counted  on 
the  third  and  fourth  days. 


The  colonies  were  counted  on 
the  third  and  fourth  days. 

Spores  of  B.  enteritidif 
sporogenex  present  in  1*0  and 
0-1  c.c.  sewage.  B.  enteritidif 
not  present  in  anaerobic  milk- 
cultures  containing  04)001  and 
0*001  c.c.  sewage. 

40  colonies  indistinguishable 
from  B.  coli  in  0*0001  c.c. 
sewage. 

Most  of  the  colonies  rapidly 
liquefying  proteus-like  forms. 

Spores  of  B.  enteritidif 
xporogenex  present  in  1*0  c.c. 
sewage.  Enteritidif  not  pre- 
sent in  anaerobic  milk-culture 
containing  0*0001,  0*001,  *01, 
and  0*1  c.c.  sewage.  The  milk, 
however,  had  been  prepared 
some  time  previously,  and  this, 
as  pointed  out  by  Dr.  Klein, 
appears  to  inhibit  the  growth 
of  enteritidif . 

Most  of  the  colonies  rapidly 
liquefying  proteus-like  forms. 

Thirteen  colonies  typical  of 
B.  coli  counted  in  a phenol 
gelatine  plate  cultivation  con- 
taining 0*0001  c.c.  of  crude 
sewage. 

The  colonies  were  counted  on 
the  third  day. 

Spores  of  B.  enteritidif 
present  in  0*5  c.c.  and  0*1  c.c. 
sewage.  Enteritidif  not  pre- 
sent in  anaerobic  milk-culture 
containing  0*01  c.c  sewage. 

10  spores  of  B.  myccidetr 
and  10  of  B.  xuhtiiix  in  1 c.c. 
sewage. 

B.  fluorcternx  ligurfncient, 

I 10,000  in  1 c.c.  sewage. 


Examination  of  London  crude  sewage. 
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S. 

M 

W 


Description 
of  the 

samples  of  sewage. 

Total  number 
of  bacteria 
in  1 c.c.  of 
crude  sewage. 

Number  of 
spores  of 
aerobic 
bacteria  in 
1 c.c.  of 
crude  sewage. 

Number  of 
bacteria  causing 
liquefaction  of 
the  gelatine 
in  1 c.c.  of 
crude  sewage. 

1 

i 

5 

4 

Remarks. 


10 


11 


12 


13 


14 


15 


Barking  crude 
sewage.  April 
27,  1898  (^con- 
tinued ) 


Crossness 
crude  sewage. 
Apl.  27,  1898 


3,300,000 


Barking  crude  \ 5,200,000 
sewage.  April 
29,  1898 


400 


120 


Barking  crude 
sewage.  May 

3,  1898 

Barking  crude 
sewage.  May 

4,  1898 


7.260.000 

3.680.000 


3,020 


450 


Crossness 
crude  sewage. 
May  4,  1898 


3,160,000 


380 


The  liquefy- 
ing colonies 
were  very 
numerous 


Surface  gela- 
tine plates 
containing 
0-00001  and 
.0-000025 
c.c.  sewage 
liquefied  by 
third  day 

270,000 


900,000 


400,000 


9 colonies  indistinguishable 
from  B.  aoli  in  surface 
phenol  gelatine  plate  con- 
taining 0-00001  c.c.  sewage. 
Several  of  these  were  tested 
in  “gelatine  shake”  cultures, 
and  showed  numerous  bub- 
bles the  next  day. 

Proteus-like  forms  were  very 
numerous. 

Spores  of  B.  enteritidix 
present  in  0-5,  0-1  and  0-01 
c.c.  sewage. 

B.  coli  communis , 200,000 
in  1 c.c.  sewage. 

Colonies  counted  third  and 
fourth  day. 


Colonies  counted  third, 
fourth  and  sixth  days. 


Spores  of  B.  enteritidix 
present  in  0-1, 0-01  and  0-001  c.c. 
sewage.  B.  enteritidix  absent 
in  anaerobic  milk-culture,  con- 
taining 0-0001  c.c. 

B.  coli  100,000  in  1 c.c. 
sewage. 

As  regards  spores  : 10  of  B. 
megaterium , 20  of  B.  mexsn- 
tericux  10  of  B.  mycoides, 
and  10  of  B.  subtilis  in  1 c.c. 
sewage. 

B.  fluorescens  liquef aeicnx . 
40,000  in  1 c.c.  sewage. 

Gas-forming  proteus,  100,000 
in  1 c.c.  sewage. 

Spores  of  B.  enteritidix  pre- 
sent in  0-1,  0-01  and  0-001  c.c. 
sewage.  Enteritidix  absent  in 
anaerobic  milk-culture  con- 
taining 0-0001  c.c.  sewage. 

B.  xultilix  and  B.  niesen- 
terioux,  20  spores  of  each  in 
1 c.c.  sewage. 

B.  coli  communis,  200,000  in 
1 c.c.  sewage. 

Gas-forming  proteus,  100,000 
in  1 c.c.  sewage. 
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VI.  Streptococci  in  the  crude  sewage  at  the  Outfall  Works 
(Barking  and  Crossness)  and  in  the  effluents  from  the 
bacterial  coke-beds. 

Although  attention  was  directed  to  the  study  of  staphylococci  as  well 
as  streptococci,  the  latter  class  of  germs  will  be  considered  here.  One 
reason  why  staphylococci  are  considered  of  relatively  less  importance 
than  streptococci,  in  connection  with  the  work,  is  that  the  former  as  a 
class  are  hardy  germs,  whereas  the  latter  as  a class  are  more  delicate. 
The  significance  of  this  remark  will  be  shown  presently. 

My  chief  reasons  for  considering  this  portion  of  the  sewage  inquiry  of 
importance  are  briefly  as  follows  : — 

Speaking  of  streptococci  as  a class  it  may  be  said  that — 

(1)  They  are  among  the  most  pathogenic  of  all  the  bacteria  which 
are  at  present  known ; 

(2)  They  are  delicate  germs,  and  readily  lose  their  vitality 
and  die ; 

(3)  They  are  present  in  the  intestinal  discharges  of  animals.  In 
human  fmces  there  may  be  more  than  1,000  present  in  one  gramme : 

(4)  They  are  seemingly  absent  from  relatively  large  amounts  of 
water  and  soil,*  except  in  those  cases  where  there  has  been  recent 
contamination  with  sewage  or  other  substances  equally  objectionable  in 
character. 

It  will  presentlyf  be  shown  that  both  in  crude  sewage  and  in  effluents 
from  coke-beds  streptococci  are  present  in  great  abundance — usually 
more  than  1,000  in  1 c.c. — and  that  the  bacterial  treatment  of  the  raw 
sewage  effected  in  the  effluent  no  marked  alteration  in  their  number. 

Now,  if  the  streptococci  found  in  such  numbers  in  the  crude  sewage 
and  in  the  effluents  are  derived  from  the  intestinal  contents  of  animals, 
and  are  delicate  germs,  and  are  also  pathogenic,  the  position  is  a some- 
what serious  one. 

In  the  first  place,  as  regards  experiments  on  animals,  the  records  show 
that  the  streptococci  were  usually  non-pathogenic  to  mice.  Numerous 
records,  not  included  in  this  book,  which  I have  since  obtained,  of  the 
effects  on  mice  of  streptococci,  isolated  from  soil-polluted  water,  sewage, 
and  sewage  effluents,  show  that,  as  a rule,  and  when  obtained  from  the 
above  sources,  streptococci  are  not  pathogenic  to  mice.  Still,  it  must 
not  be  lost  sight  of  that  the  absence  of  pathogenic  effect  on  mice  does 
not  necessarily  imply  the  absence  of  disease-producing  ability  in  other 
animals.  Nor  does  it  prove  that  the  streptococci  were  of  a non- 
pathogenic  origin.  Further,  it  is  conceivable  that  some  alteration  in 
the  conditions  surrounding  these  streptococci  might,  granting,  that 
they  had  been  pathogenic  in  the  past,  restore  to  them  all  their  original 

virulence.  _ 

Speaking  in  general  terms,  however,  it  may  be  said  that  the 
streptococci  found  in  nature  outside  the  animal  body,  e.g.,  in  polluted 
soils  and  water,  in  sewage  and  sewage  effluents,  are  not  as  a rule 
pathogenic  to  mice. 


* The  significance  of  streptococci  in  water  and  soil  is  dealt  with  by  me  m Reports  to 
the  Local  Government  Board.  Report  of  the  Medical  Officer,  Local  Government  Board, 

1898-9-1900.  , , . . 

f In  this  and  succeeding  paragraphs  I purposely  anticipate  what  toliows. 


Fig.  15. — Streptococcus  X.  Micro- 
scopic preparation  from  a 
broth  culture.  Twenty-four 
hours’  growth  at  38°  C. 
Stained  by  Gram’s  method. 
Isolated  from  nhsTi  c-c-  °f 
effluent  from  the  6-foot 
secondary  coke-bed  at  Cross- 
ness. X 1,000. 
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Fig.  16. — Streptococcus  XIX.  Micro- 
scopic preparation  from  a broth 
culture.  Forty-eight  hours’ 
growth  at  38°  C.  Stained  by 
Gram’s  method.  Isolated  from 
toW  c-c-  of  effluent  from  the 
primary  coarse  bed  A (Series  11.) 
at  Barking,  x 1,000. 


Fig.  i; 


-Colonies  of  streptococci  in  gelatine  and  agar  plate  cultures. 

of  the  microscope  (Leitz,  3 objective,  1 ocular). 
(Diagrammatic.) 


Under  a low  power 


(«)  Streptococcus  I. 

CO  „ II. 

CO  II. 

(O  „ hi. 

co  „ x. 

(/)  XI. 

co  ,.  XII. 

CO  „ XIII. 

(*)  „ XIII. 

(./')  „ XIV. 

CO  .,  xvm. 


Colony  in  agar  plate. 

Colony  in  agar  plate. 

Colonies  in  old  gelatine  culture. 
Colony  in  agar  plate. 

Colonies  in  agar  plate. 

Colonies  in  gelatine  plate. 
Colony  in  gelatine  plate. 

Colony  in  agar  plate. 

Colonies  in  gelatine  plate. 
Colony  in  gelatine  plate. 

Colony  in  gelatine  plate. 


Fig.  18. — Streptococcus  XX.  Microscopic  preparation  from  a broth  culture.  Forty- 
eight  hours’  growth  at  38°  C.  Stained  by  Gram’s  method.  Isolated  from  c.c. 
of  effluent  from  the  secondary  coarse  bed  A (Series  II.)  at  Barking,  x 1,000. 


I ig.  19.  Streptococcus  XXI.  Microscopic  preparation  from  a broth  culture.  l,'orty- 
eight  hours  growth  at  38°  C.  Stained  by  Gram’s  method.  Isolated  from  T,l,  c.c 
of  Barking  crude  sewage,  x 1,000. 


f Hi.  20. — -Broth  and  gelatine  (incubated  at  blood  heat)  cultures  of  streptococci. 

(Diagrammatic.) 


(«) 

(*) 

(<•) 

(rf) 

(*) 

(/) 


Streptococcus  1. 


It 

It 

It 

It 

tt 


I. 

II. 
II. 
IV. 

XVII. 


Gelatine  culture  incubated  at  37°  C.  for  two  days. 
Old  broth  culture  (shaken  up). 

Gelatine  culture  incubated  at  37°  C.  for  two  days. 
Broth  culture  (shaken). 

Gelatine  culture,  21  hours  at  37°  C. 

Broth  culture,  2nd  day  at  37°  C. 


Streptococci  in  the  crude  sewage  and  effluents. 
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Secondly,  as  regards  the  assertion  that  streptococci  are  delicate  (jerms 
and  readily  lose  their  vitality  and  die,  although  this  certainly  accords 
with  our  experience  of  streptococci  isolated  from  the  human  subject, 
particularly  in  cases  of  disease  and  septic  infection,  it  might  well  be 
the  case  that  some  at  all  events  of  the  streptococci  occurring  in  nature 
outside  the  animal  body,  e.g.,  in  sewage,  are  hardy  germs  and  are 
capable  not  only  of  resisting  death,  but  also  of  multiplying  under 
favourable  conditions.  This  is  conceivable  ; yet  the  fact  is  not  without 
significance  that  certain  of  the  streptococci  about  to  be  described,  when 
subcultured  in  gelatine  and  incubated  at  20°  C.,  showed  little  or  no 
appreciable  growth  at  the  end  of  13  days.  And  some  of  the  streptococci 
that  I have  isolated  from  sewage-polluted  water,  etc.,  have  proved  their 
delicacy  by  refusing  to  grow  when  sub-cultures  were  not  carried  out 
at  short  intervals.  Thus,  on  several  occasions,  the  study  of  a 
streptococcus  has  been  prematurely  cut  short  by  death  of  the  organisms. 
Still  further,  it  has  been  a matter  of  common  observation  that  sub- 
cultures made  from  colonies  in  agar  plate  cultures  of  sewage,  which 
colonies  under  a low  power  of  the  microscope  revealed  their  connection 
with  the  streptococci  group  by  showing  loops  of  cocci  at  the  periphery, 
frequently  showed  no  growth,  the  microbes  (streptococci)  having  already 
lost  their  vitality.  In  opposition  to  this,  it  might  be  urged  that  certain 
of  the  streptococci  in  sewage  are  in  reality  hardy  germs,  but  that  the 
nutrient  media  ordinarily  employed  by  bacteriologists  are  not  the  most 
suitable  pabulum  for  them.  It  is  to  be  noted,  as  possibly  affording 
some  support  to  this  view,  that,  if  sewage  be  centrifugalised  and  the 
deposit  stained,  the  microbes  taking  the  stain  are  not,  as  might  have 
been  anticipated,  chiefly  bacillary  in  form,  but  appear  either  as  cocci 
or  as  rods,  so  short  and  rounded  at  their  ends  as  to  simulate  cocci. 
Moreover,  the  cocci  are  frequently  arranged  in  long  chains  (strepto- 
cocci). 

Nevertheless,  it  may  be  said  with  a fair  measure  of  confidence  that 
some,  at  all  events,  of  the  streptococci  in  sewage  and  in  sewage  effluents 
are  delicate  genus,  and  readily  lose  their  vitality  and  die. 

The  importance  to  be  attached  to  these  observations  is  considerable. 
If,  in  the  bacterial  treatment  of  sewage,  micro-organisms  of  presumably 
feeble  vitality  pass  through  the  coke-beds  in  practically  unaltered 
numbers,  then  there  is  every  reason  to  fear  that  those  microbes  which 
are  known  to  be  distinctly  pathogenic  to  man,  and  which  may  be  either 
habitually  or  fortuitously  present  in  sewage,  and  some  of  which  are 
believed  to  be  comparatively  hardy  germs,  would  likewise  be  unaffected 
by  the  biological  processes  at  work  in  the  coke-beds. 

Lastly,  a3  regards  the  source  of  streptococci,  it  has  been  said  that  they 
are  present  in  the  intestinal  discharges  of  animals,  and  are  absent  (or 
relatively  so)  from  waters  and  soils  except  in  cases  of  recent  and 
objectionable  pollution.  It  might  perhaps  be  contended  that  strepto- 
cocci may  have  a wide  distribution  in  nature,  and  if  so,  that  their 
presence  in  a substance,  be  it  soil,  or  sewage,  or  water,  is  of  little  or  no 
significance.  Against  this  view,  it  may  be  pointed  out  that  if  they  are 
delicate  germs,  it  is  unlikely  that  they  would  survive,  much  less 
multiply  in  nature,  unless  the  conditions  were  ideally  favourable. 
Further,  that  although  I have  frequently  isolated  streptococci  from  as 
minute  a quantity  of  sewage  as  O'OOl  c.c.,  and  of  human  faeces  as 
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OOOl  gramme,  1 have  repeatedly  failed  to  demonstrate  the  presence 
of  microbes  indubitably  belonging  to  the  streptococcus  class  in  com- 
paratively large  amounts  of  pure  water  and  pure  soils. || 

These  facts  have  led  me  to  advocate  the  streptococcus  test  as  a 
valuable  one  in  the  baoterioscopic  examination  of  waters.*:  Not,  indeed, 
that  the  absence  of  streptococci  implies  “ safety,”  but  that  their  presence 
affords  evidence  of  recent  and  therefore  presumably  specially  dangerous 
animal  pollution. 

In  conclusion,  I venture  to  assert  that  this  test  is  of  considerable 
value  in  judging  sewage  effluents  from  the  biological  point  of  view.  If 
an  effluent  compared  with  a corresponding  sample  of  sewage  contains 
either  (a)  streptococci  in  practically  unaltered  numbers,  or  (/>)  even 
in  reduced  numbers  where  such  reduction  is  only  in  the  same  propor- 
tion as  the  other  microbes  also  present  are  reduced,  then  such  an 
effluent  is,  as  regards  potential  danger  to  health,  seemingly  with  regard 
to  (a)  not  much  better  than  raw  sewage  and  under  ( b ) set  of  conditions 
probably  no  safer  than  crude  sewage  slightly  diluted,  but  otherwise 
unaltered  in  its  biological  composition. 

The  following  is  a description  of  some  of  the  streptococci  isolated 
from  London  crude  sewage  and  from  the  effluents  from  the  bacterial 
beds. 


1.  Name— Streptococcus  I. 

2.  Simrce — c.c.  Crossness  crude  sewage. 

3.  Date — November  16th,  1898. 

4.  Morphology — Stains  well  by  Gram’s  method.  The  chains  of  cocci  are  usually  short. 

6.  Plate  cultures  (under  a low  power,  Leitz,  3 objective,  1 ocular) — 

(a)  Agar  (37°  C.) — Small  transparent  colonies  showing  wavy  granulation.  The 
colonies  are  irregular  in  shape,  and  at  the  edges  the  loops  of  cocci  can  be  made 
out.* 

(1)')  Gelatine  (20°  C.) — Small  transparent  colonies,  circular  in  shape,  and  faintly 
granular.  The  edges  are  <?7ea«andno  loops  of  cocci  are  visible.  No  liquefaction. 

6.  Streak  cultures — 

(«)  Agar  (37°  C.) — Small  transparent  colonies,  faintly  granular. 

(b)  Gelatine  (20°  C.) — A white  transparent  film-like  growth,  which  on  close 
observation  is  seen  to  be  made  up  of  separate  colonies.  No  liquefaction  occurs. 

7.  Gelatine  at  37°  C. — No  diffuse  cloudiness.  Flocculent  little  masses  with  cirrhus-like 
extensions.! 

8.  Broth  cultures  (37°  C.) — The  broth  remains  quite  transparent.  Flocculent  masses 
with  cirrhus-like  extensions  are  formed  in  the  fluid.  Old  broth  cultures  show  at  the  foot 
of  the  tube  a white  granular  mass,  the  medium  itself  being  quite  transparent.  On 
shaking  the  tube,  granular  masses  of  various  sizes  rise  in  the  clear  liquid  and  rapidly 
subside  again  to  the  bottom.^ 

9.  Litmus  milk  cultures  (37°  C.) — Strong  acidity  and  solid  clot  in  24  hours. 

10.  Remarks — A mouse  inoculated  subcutaneously  with  1 c.c.  of  broth  culture  remained 
apparently  unaffected. 


1.  Name — Streptococcus  II. 

2.  Source — c.c.  Crossness  6-foot  primary  coke-bed  effluent. 

3.  Date — November  16th,  1898. 

4.  Morphology— Stains  well  by  Gram’s  method.  Very  short  chains  as  a rule,  but 
occasionally  a chain  of  medium  length  may  be  found. 

5.  Plate  cultures  (under  a low  power,  Leitz,  3 objective,  1 ocular)— 

(a)  Agar  (37°  C.)— Small  transparent  circular  faintly-granular  colonies  with/trw 
edges.  No  loops  of  cocci  arc  visible  at  the  periphery  .§  . 

(h)  Gelatine  (20°  C.)— Small  transparent  faintly-granular  colonies,  circular  in 
shape  with  clean  edges.  Old  colonies  may  present  a nucleated  appearance.  N<> 
appearance  of  separate  loops  of  cocci  at  the  periphery  of  the  colonies.  -No 
liquefaction.  ||  


||  1 have,  however,  found  streptococci  in  abundance  in  waters  and  soils  recently 

polluted  with  sewage.  , ieQS  „ 

c Report  of  the  Medical  Officer,  Local  Government  Board,  1N9.S-J 

* Fig.  17  (a).  t FiF- 20  (a).  t Fig.  20  (J). 

g § Fig.  17  (6).  II  Fig  17  (r). 
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6.  Streak  culture* — 

(«)  Ajar  (87  C.) — Minute  transparent  colonies.  The  colonies  are  situated  so  close 
together  as  to  appear  at  first  sight  like  a continuous  film. 

(/>)  Gelatine  (20  C.) — Almost  no  growth,  even  after  13  days. 

7.  Gelatine  at  30  C. — Granular  cloudiness,  with  a white  granular  deposit  at  the  foot  of 
the  tube.^ 

8.  Broth  cultures  (37°  C.) — Diffuse  cloudiness ; at  the  foot  of  the  tube  white  viscous 
growth,  which  on  shaking  the  tube,  rises  in  the  form  of  a spiral.** 

9.  Litmus  milk  cultures  (37“  C.)— In  2 days  acidity  : in  4 days,  strong  acidity  but  no 
clot ; 7th  day,  still  no  clot ; 25th  day,  still  no  clot. 

10.  Remarks — A mouse  inoculated  subcutaneously  with  1 c.c.  of  a 4 days’  broth  culture 
died  on  the  7th  day.  Microscopic  preparations  made  from  the  kidney  juice  showed  the 
presence  of  cocci,  sometimes  arranged  as  diplococci  and  showing  an  appearance  as  of  a 
surrounding  capsule.  This  was  not  very  distinct,  however.  Agar  plate  cultures  were 
made  from  the  spleen,  and  a streptococcus  was  isolated,  which  differed  somewhat  from 
the  one  above  described.  It  produced  diffuse  cloudiness  in  broth  and  diffuse  granular 
cloudiness  in  gelatine  at  37  C.  Milk  was  rendered  strongly  acid  and  clotted. 

1.  Name — Streptococcus  III. 

2.  Source — 10'06  c.c.  Crossness  crude  sewage. 

3.  Date — November  29th,  1898. 

4.  Morphology — Stains  well  by  Gram’s  method.  Chains  of  cocci  of  variable  length  ; 
most  of  them  are  short. 

5.  Plate  cultures  (under  a low  power,  Leitz,  3 objective,  1 ocular) — ■ 

(a)  Agar  (37°  C.) — Minute  transparent  faintly-granular  colonies.  Most  of  the 
colonies  are  circular  with  a clean  edge.  Some  are  irregular  in  shape  with  a 
ragged  edge  resembling  somewhat  Streptococcus  I.ff 

(i)  Gelatine  (20°  C.) — Small  transparent  colonies  roughly  circular  in  shape  with 
firm  edges.  The  colonies  are  faintly  granular,  and  show  no  separate  loops  of 
cocci  at  the  periphery.  No  liquefaction. 

6.  Streak  cultures — 

(a)  Aqar  (37°  C.) — The  growth  appears  at'first  sight  like  a continuous  delicate  film, 
but  is  in  reality  composed  of  numerous  minute  transparent  and  separate  colonies. 

(5)  Gelatine  (20°  C.) — Colonies  are  somewhat  large  for  a streptococcus  : they  are 
roughly  circular  in  shape,  and  have  a granular  appearance.  No  liquefaction. 

7.  Gelatine  at  37"  C. — Granular  cloudiness  at  the  foot  of  the  tube.  Throughout  the 
medium  granular  cloudiness  and  slight  diffuse  cloudiness  as  well. 

8.  Broth  cultures  (37°  C.)— Diffuse  cloudiness  throughout  the  medium. 

9.  Litmus  milk  cultures — Acidity,  but  no  clot  in  24  hours.  Later,  strong  acid  but  no 
clot  (14th  day). 

10.  Remarks — 1 c.c.  of  a 2 days’  broth  culture  injected  subcutaneously  in  a mouse 
produced  no  apparent  effect. 

1.  Same — Streptococcus  IV. 

2.  Source — nlnn  c.c.  effluent  from  4-foot  single  coke-bed  at  Crossness. 

3.  Date — November  29th,  1898. 

4.  Morphology—  Stains  by  Gram’s  method.  Chains  of  cocci  of  variable  length  ; 
usually  short,  however. 

5.  Plate  cultures  (under  a low  power,  Leitz,  3 objective,  1 ocular) — 

(«)  Agar  (37°  G'.)— Colonies  very  similar  to  Streptococcus  III. 

(5)  Gelatine  (20 " C.) — As  practically  no  growth  occurred  in  gelatine  streak  cultures, 
no  gelatine  plates  were  made. 

6.  Streak  cultures — 

(a)  Agar  (37  0.) — Growth  resembles  both  Streptococcus  I.  and  Streptococcus  III. 

(b)  Gelatine  (20  C.) — Practically  no  growth,  even  after  13  days. 

7.  Gelatine  at  37'  C. — Granular  deposit  at  foot  of  tube  nnd granular  cloudiness  through- 
out the  medium,  but  no  diffuse  cloudiness.^! 

8.  Broth  cultures  (37  C.) — Diffuse  cloudiness.  Deposit  at  the  foot  of  the  tube  coherent 
in  masses  unlike  Streptococcus  III. 

9.  Litmus  milk  cultures  (37°  C.) — Distinct  acidity,  but  no  clot  (11th  day). 

10.  Remarks — 1 c.c.  of  a 2 days’  broth  culture  injected  subcutaneously.  The  mouse 
died  on  9th  day.  Cover  glass  specimens  made  from  kidney  juice,  peritoneal  fluid,  &c., 
showed  the  presence  of  cocci  and  diplococci  (appearance  suggestive  of  surrounding 
capsule,  but  not  very  distinct).  Agar  plate  cultures  were  made  from  the  organs,  but  the 
plates  were  crowded  with  putrefactive  bacteria,  and  no  streptococci  were  isolated. 


**  Fig.  20  Id). 
I*  Fig.  20  00. 


*i  Fig.  20  (c). 

ft  Fig.  17  07). 
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The  Bacterial 


Treatment  of  Sewage. 


1.  Xante — Streptococcus  V. 

2.  Source — c.c.  effluent  from  4-foot  single  coke-bed  at  Crossness, 

3.  Date — November  29th,  1898. 

4.  Morphology — Stains  well  by  Gram’s  method.  Short  chains  and  chains  of  me d.um 
length. 

».  Plate  cultures  (under  a low  power,  Leitz,  3 objective,  1 ocular) — 

(a)  Agar  (37°  C.) — Appearances  very  similar  to  Streptococcus  III.,  <>.,  some 
colonies  circular  and  granular  with  clean  edges  ; others  more  or  less  irregular  In 
shape  with  ragged  edges.  Apparently,  however,  fewer  colonies  of  irregular  shape 
and  ragged  edges  than  in  the  cases  of  Streptococci  III.  and  IV. 

( h ) Gelatine  (20°  C.) — As  there  was  practically  no  growth  in  gelatine  streak 
cultures,  no  gelatine  plate  cultures  were  made. 

6.  Streak  cultures — 

(a)  Agar  (37°  C.) — Growth  somewhat  similar  in  appearance  to  Streptococcus  III. 

(b)  Gelatine  (20°  C.) — Practically  no  growth  (13th  day). 

7.  Gelatine  at  37°  C. — Appearance  very  like  Streptococcus  III. 

8.  Broth  cultures  (37°  C.) — Diffuse  cloudiness. 

9.  Litmus  milk  ndtures — Distinct  acidity,  but  no  clot  (11th  day). 


1.  Name — Streptococcus  VI. 

2.  Source — rihn  c-c-  effluent  from  4 foot  single  coke-bed  at  Crossness. 

3.  Date — November  29th,  1898. 

4.  Morphology — Stains  well  by  Gram’s  method.  Chains  of  cocci  of  variable  length,  but 
usually  short. 

5.  Plate  cultures  (under  a low  power,  Leitz,  3 objective,  1 ocular) — 

( a ) Agar  (37°  C.) — Small  transparent  granular  colonies,  usually  circular  in  shape. 
Most  of  the  colonies  have  a firm  edge,  but  in  some  of  them  the  edge  has  a ragged 
appearance. 

(l>)  Gelatine  (20°  C.) — No  record. 

6.  Streak  cultures — 

(a)  Agar  (37°  C.) — The  growth  resembles  Streptococcus  I. 

(bj  Gelatine  (20°  C.)— By  the  13th  day  the  colonies  had  attained  a fair  size  : they 
are  granular,  and  at  the  edge  have  a lobed  and  fissured  appearance.  The  colonies 
are  white,  but  towards  the  centre  they  are  yellowish-white  in  colour.  No 
liquefaction. 

7.  Broth  cultures  (37°  C.) — Diffuse  cloudiness ; at  the  foot  of  the  tube  white  viscous 
growth,  which  on  shaking  the  tube  rises  in  the  form  of  a spiral. 

8.  Litmus  milk  cultures  (37°  C.) — Very  slight  acidity,  no  clot  (10th  day). 


1.  A e»ie— Streptococcus  VII. 

2.  Source — rmu  c-c-  effluent  from  4-foot  single  coke-bed  at  Crossness. 

3.  Bate— November  29th,  1898. 

4.  Morphology — Stains  well  by  Gram’s  method.  Chains  of  cocci  of  variable  length,  but 
usually  short. 

5.  Plate  cultures  (under  a low  power,  Leitz,  3 objective,  1 ocular)  — 

(a)  Agar  (37°  C.)— Small  more  or  less  circular  colonies,  transparent  and  granular. 
Most  of  the  colonies  have  a firm  edge,  but  in  others  the  edge  is  broken  up  and 
uneven  in  character. 

(b)  Gelatine  (20°  C.)— As  there  was  practically  no  growth  in  gelatine  streak 
cultures  (13th  day  at  20°  C.),  no  gelatine  plate  cultures  were  made. 

6.  Streak  cultures — 

la)  Agar  (37°  C.)— No  record. 

(b)  Gelatine  (20°  C.)— Practically  no  growth  (13th  day  at  20  U). 

7.  Broth  cultures  (37°  C.) — Some  diffuse  cloudiness,  and  at  the  foot  of  the  tube  granular 

masses  as  in  Streptococcus  I.  , . 

8.  Litmus  milk  cultures  (37°  C.)— Slight  acidity,  but  no  clot  (10th  day). 


1.  A awe— Streptococcus  vm.  J „ 

2.  Source—  yfa  c.c.  effluent  from  6-foot  primary  coke-bed  at  Crossness. 

3.  Bate — December  9th,  1898.  . , . , , 

4 . Morphology-  Stains  well  by  Gram’s  method.  Chains  of  cocci  of  variable  length a 

5.  Agar  plate  cultures,  37°  C.  (under  a low  power,  Leitz.  3 objective.  1 ocular)  Small 
transparent  granular  colonies  witli  firm  edges  and  roughly  circular  in  shape. 

(a)”  ^(37°  C.)— The  growth  appears  as  a thin  transparent  greyish-white  film. 

which  on  close  examination  is  seen  to  be  made  up  of  minute  ec(iarate  ailonies. 

(/,)  Gelatine  (20  C.)— Colonies  are  transparent  and  granular-looking. 

7.  Brot^ffMures  (37°  Ck)^- ^Diffuse  cloudiness  ; at  the  foot  of  the  tube  a white  deposit 

which  rises  in  the  form  of  a spiral  on  shaking  t he  tube. 

8.  Litmus  milk  cultures  (37°  C.)-Strong  acidity,  but  no  clot  (1  ''lay) 

9.  Remarks- 1 c.c.  of  broth  culture  injected  subcutaneoush  into  a guinea -pig.  me 

animal  remained  apparently  unaffected. 
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2. ’  ffluent  f"rom  6-foot  secondary  coke-bed  at  Crossness. 

3.  Date — December  15th,  1898.  . . ,,  , . , . 

4.  Morphology — Stains  well  by  Grain’s  method.  Chains  of  cocci  usually  short,  but 

some  of  medium  length.  ..  ..  , , „ , . 

5.  Agar  plate  culture s,  37“  C.  (under  a low  power,  Leitz,  3 objective,  1 ocular)— The 
majority  of  the  colonies  are  circular  in  shape  with  firm  edges.  i hey  are  small,  granulai 
and  transparent-looking. 

(a)  Agar  (37°  C.) — The  growth  at  first  sight  looks  like  a continuous  white  him, 
but  on  close  inspection  it  is  seen  to  be  made  up  of  numerous  separate  minute 

transparent  colonies.  . . , 

(J)  Gelatine  (20°  C.)— Minute  transparent  colonies,  more  or  less  circular  in  shape. 

No  liquefaction.  , 

7.  Broth  cultures  (37°  C.)— Diffuse  cloudiness  ; white  deposit,  at  the  foot  of  the  tube  ; 

on  shaking  the  tube  deposit  rises  in  the  form  of  a spiral.  , 

8.  Litmus  milk  cultures  (37°  C.) — Feeble  acidity  in  two  days.  Later  distinct  acidity, 

but  no  clot  (1 1th  day).  . . . . 

9.  Rerna  rks—  1 c.c.  of  a 24  hours  (at  37°  C.)  broth  culture  was  injected  subcutaneously  into 
a mouse.  The  mouse  died  on  the  5th  day.  Cocci  present  in  juice  of  spleen  and  kidneys. 
From  the  spleen  a pure  culture  of  a streptococcus  was  obtained,  forming  chains  of  medium 
len°th,  and  which  differed  somewhat  from  the  above.  lo  broth  the  fluid  remained 
clear,  and  at  the  foot  of  the  tube,  growth  occurred  as  a white  conglomerate  mass.  In 
gelatine  at  37“  C.  very  slight  diffuse  cloudiness,  and  at  the  foot  of  tube  a loose  flocculent 
cloudy  growth.  In  gelatine  plate  cultures,  colonies  irregular  in  shape  with  uneven  edge, 
wavy  granulation  well  marked. 


1.  Name — Streptococcus  X.  _ 

2.  Source — c.c.  effluent  from  6-foot  secondary  coke-bed  at  Crossness. 

3.  Bate — December  15th,  1898. 

4.  Morphology — Stains  well  by  Gram's  method.  Chains  of  cocci  of  medium  length. 

5.  Agar  plate  culture , 37°  C.  (under  a low  power,  Leitz,  3 objective,  1 ocular)— 
Irregularly-shaped  colonies  with  broken-up  edge.  Transparent  with  wavy  granulation, 
and  at  edge  loops  of  cocci  can  be  made  out.f 

6.  Streak  cultures — 

(a)  Agar  (37°  C.)— The  growth  is  made  up  of  numerous  minute  separate  trans- 
parent colonies  which  at  first  sight  appear  like  a continuous  filmy  growth. 

(i)  Gelatine  (20°  C.)— By  the  13th  day  colonies  of  varying  size.  They  are  very 
irregular  in  shape,  with  lobed  and  fissured  borders  and  delicate  filamentous 
extensions  like  fine  seaweed.  The  colonies  are  white,  but  towards  centre  the 
colour  is  yellowish-white. 

7.  Broth  cultures  (37°  C.)— Diffuse  cloudiness  ; at  foot  of  tube  white  viscous  deposit 
which  on  shaking  the  tube  rises  in  spiral  form. 

8.  Litmus  milk  cultures  (37°  C.) — In  two  days  distinct  acidity,  but  no  clot;  11th  day 
still  no  clot. 


1.  Name — Streptococcus  XI. 

2.  Source — c-c-  Crossness  crude  sewage. 

3.  Date — December  16th,  1898. 

4.  Morphology — Stains  well  by  Gram’s  method.  Chains  of  cocci  of  variable  length, 
but  usually  short. 

5.  Plate  cultures  (under  a low  power,  Leitz,  3 objective,  1 ocular) — 

(a)  Agar  (37°  C.)—  Most  of  the  colonics  minute,  transparent  and  granular  with 
firm  edge. 

( b ) Gelatine  (20°  C.)— The  majority  of  the  colonies  are  nearly  circular  in  shape  : 
they  are  transparent-looking  and  faintly  granular  with  firm  edge.  No  liquefac- 
tion^ 

6.  Streak  cultures  — 

(а)  Agar  (37°  C.) — The  growth  at  first  sight  appears  like  a continuous  film,  but  is 

really  made  up  of  separate  minute  transparent  colonies.  — 

(б)  Gelatins  (20°  C.) — Small  transparent  faintly  granular  colonies.  No  liquefac- 
tion (13th  day). 

7.  Broth  cultures  (37  C.)— Diffuse  cloudiness;  at  the  foot  of  the  tube  viscous  white 
deposit,  which  on  shaking  the  tube  rises  in  the  form  of  a spiral. 

8.  Litmus  milk  cultures  (37°  C.)— No  visible  change,  even  after  11  days’  incubation. 


* Fig.  15. 


t Fig-  17  «. 


§ Fig.  17  (/). 


ny 


7 hr  Bacterial  Treatment  of  Sewage. 


1.  Streptococcus  XII 

2.  Source — toW  c-c-  Crossness  crude  sewage. 

3.  Date — December  1 5th,  1898. 

4.  Morphology — Stains  well  by  Grain’s  method  A streptococcus  forming  very  short 
chains. 

5.  Plate  cultures  (under  a low  power,  Leitz,  3 objective,  1 ocular) — 

(a)  Agar  (37°  C.)—  Small  circular  colonies  with  firm  edge,  transparent  and 
granular  iooking. 

( b ) Gelatine  (20°  C.) — The  colonies  are  usually  circular  : they  are  faintly  granulai 
and  transparent-looking.  The  edge  is  clean.  So  liquefaction.* 

(>.  Streak  cultures — 

(a)  Agar  (37°  C.) — The  colonies  are  rather  large  for  a streptococcus  ; they  have  a 
granular  and  transparent  appearance. 

(J)  Gelatine  (20°  C.) — The  mass  of  the  growth  appears  as  a continuous  film  ; but 
at  the  edge  and  upper  portion  of  the  streak  the  colonies  are  separate  and  arc 
small  with  a granular  transparent  appearance.  No  liquefaction. 

7.  Gelatine  at  37°  C. — A granular  white  deposit  forms  at  the  foot  of  the  tube,  and  the 
gelatine  throughout  is  full  of  minute  granular  specks. 

8.  Broth  cultures  (37°  C.) — The  broth  is  clear,  but  on  sides  of  tube  white  cirrhus-lik- 
growth,  and  at  foot  of  tube  viscous  white  conglomerate  mass. 

9.  Litmus  milk  cultures  (37°  C.) — Slight  acidity,  but  no  clot  (11th  day). 

1.  Name — Streptococcus  XIII. 

2.  Source — Ttrms  c-°-  Crossness  crude  sewage. 

3.  Date — December  loth,  1898. 

4.  Morphology — Stains  well  by  Gram’s  method.  Tt  was  difficult  to  determine  whether 
this  microbe  was  a streptococcus  or  a staphylococcus.  Finally  it  was  classed  as  a 
streptococcus. 

5.  Plate  cultures  (under  a low  power,  Leitz,  3 objective,  1 ocular) — 

(a)  Agar  (37°  C.) — The  large  colonies  are  roughly  circular  in  shape  and  the 
smaller  ones  irregular.  Wavy  granulation  is  well  marked,  and  at  the  edge  of 
the  colonies  separate  loops  of  cocci  can  be  made  out.  The  colonies  are  small  and 
transparent-looking.! 

(5)  Gelatine  (20°  C.) — The  colonies  are  very  irregular  in  shape,  and  at  the  edge 
loops  of  cocci  may  be  made  out.  They  are  small  and  transparent,  and  show  a 
coarse  wavy  granulation. ! 

6.  Streak  cultures— 

(a)  Agar  (37°  C.) — The  growth  is  composed  of  separate  colonies  which  are  trans- 
parent and  granular-looking,  and  are  rather  large  for  a streptococcus. 

(J)  Gelatine  (20°  C.) — By  the  13tli  day  the  colonies  have  attained  a fair  size  ; they 
are  irregular  in  shape  and  tend  to  run  into  each  other.  No  liquefaction. 

7.  Gelatine  at  37°  C. — Resemble  streptococcus  XII. 

8.  Broth  cultures  (37°  C.) — The  cloudiness  is  not  well  marked  and  is  somewhat 
granular  in  character.  On  shaking  the  tube  gently  viscous  white  masses  with  cirrhus- 
Tike  extensions  rise  from  the  foot  and  float  throughout  the  liquid. 

9.  Litmus  milk  cultures  (37°  C.)— Slight  acidity,  but  no  clot  (15th  day). 

10.  Potato  cultures  (37°  C.)— No  visible  growth  (8tli  day). 

1.  A Streptococcus  XIV. 

2.  Source — ^-^0  c-c-  Crossness  crude  sewage. 

3.  Date— December  15th,  1898. 

4.  Morphology— Stains  well  by  Gram's  method.  The  chains  are  short  and  tend  to 
cohere  in  masses.  The  cells  are  somewhat  irregular  in  shape. 

5 Plate  cultures  (under  a low  power,  Leitz,  3 objective,  1 ocular) — 

(«)  Agar  (37°  C.)— The  colonies  are  small,  nearly  circular  in  shape,  with  a fairly 
firm  edge.  They  are  granular  and  transparent-looking. 

(5)  Gelatine  (20°  C.) — The  colonies  are  roughly  circular  in  shape.  Wavy  granula- 
tion is  well  marked.  The  edge  may  have  a slightly  ragged  appearance,  but  no 
separate  loops  of  cocci  can  be  made  out.  No  liquefaction.  § 

0.  Streak  cultures  — . 

(it)  Agar  (37°  C.) — The  colonies  are  separate,  granular,  and  transparent -looking, 

but'are  of  rather  a large  size  for  a streptococcus. 

(5)  Gelatine  (20°  C.)-— Resembles  Streptococcus  XII.  No  liquefaction  (13th  day). 

7.  Gelatine  at  37°  C. — Resembles  Streptococcus  XII.  , . . 

8.  Broth  cultures  (37°  C.)— The  broth  remains  nearly  transparent.  At  the  foot  of  the 

tube  the  growth  collects  as  a viscous  white  mass  , . 

9.  Litmus  milk  cultures  (37°  C.)-Distinct  acidity,  but  no  clot  (Uth  day). 


Rig-17  (y). 


t Fig.  17  (A). 


Fig.  17  (')• 


§ Fig.  1 7 0> 


Morphological  and  biological  characters  of  the  streptococci. 
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1.  Nam?— Streptococcus  XV. 

2.  Source — nbns  c.c.  Crossness  crude  sewage. 

3.  Bate — December  21st,  1898. 

4.  Morphology — Stains  well  by  Gram's  method.  Chains  of  cocci  arc  usually  short,  but 
some  are  of  medium  length. 

5.  Plate  culture*  (under  a low  power,  Leiz,  3 objective  1 ocular) — 

(a)  Agar  (37"'  C.)— Small,  transparent,  circular,  granular  colonies  with  firm  edge. 
(A)  Gelatine  (20°  C.)— Small  colonies  of  circular  shape  and  with  clean  edge.  They 
may  present  a nucleated  appearance.  They  are  granular  and  transparent- 
looking. No  liquefaction. 

6.  Streak  culture s — 

(a)  Agar  (37°  C.)— A barely  visible  white  film,  which  on  close  observation  is  seen 
to  be  made  up  of  separate  colonies  (minute  and  transparent-looking). 

(A)  Gelatine  (20°  C.) — Resembles  somewhat  Streptococcus  XII.  No  liquefaction 
(13th  day). 

7.  Broth  culture s (37°  C.)— Diffuse  cloudiness.  At  the  foot  of  the  tube  a white  viscous 
deposit,  which  on  shaking  the  tube  rises  in  the  form  of  a spiral. 

8.  Litmus  milk  cultures^ 37°  C.) — In  two  days,  distinct  acid,  but  no  clot  ; 5th  day,  ditto  ; 
11th  day,  ditto. 

9.  Remarks— \ c.c.  of  a 24  hours’  broth  culture  (37°  C.)  was  injected  subcutaneously 
into  a mouse.  The  mouse  died  on  the  6th  day.  Microscopic  preparations  were  made 
from  the  peritoneal  fluid,  Ac.  Cocci  were  present,  but  also  many  putrefactive  bacilli. 
Agar  plates  made  from  the  spleen  were  overgrown  with  putrefactive  organisms,  but  no 
streptococci  could  be  isolated. 

1.  Maine  Streptococcus  XVI. 

2.  Source — ro!mT  c.c.  effluent  from  4 foot  single  coke-bed  at  Crossness. 

3.  Bate — December  21st,  1898. 

4.  Morphology — Stains  well  by  Gram’s  method.  Long  chains  of  cocci  matted  together 
in  masses. 

5.  Plate  cultures  (under  a low  power,  Leitz,  3 objective,  1 ocular) — 

(a)  Agar  (37  C.) — Minute  transparent  colonies,  usually  of  circular  shape,  and 
showing  wavy  granulation.  No  separate  loops  of  cocci  at  periphery. 

(A)  Gelatine  (20°  C.) — Small,  circular,  transparent  and  granular-looking  colonies. 
No  liquefaction. 

6.  Streak  cultures — 

(a)  Agar  (37°  C.) — Thin,  delicate  film,  which  on  close  examination  is  seen  to  be 
made  up  of  minute  separate  colonies. 

(5)  Gelatine  (20°  C.) — Resembles  Streptococcus  X. 

7.  Broth  cultures  (37°  C.) — Broth  remains  perfectly  transparent.  At  fo*t  of  tube 
white  conglomerate  mass. 

8.  Litmus  milk  cultures  (37°  C.) — Second  day,  no  visible  change  ; 5th  day,  slight 
acidity,  but  no  clot.  Later,  acidity  more  decided.  No  clot  11th  day. 

1.  Xame — Streptococcus  XVII.  * 

2.  Source — r^r,  c.c.  effluent  from  4 foot  single  coke-bed  at  Crossness. 

3.  Bate — December  21st,  1898. 

4.  Morphology — Stains  well  by  Gram’s  method.  Chains  of  cocci  short.  The  cells  tend 
to  cohere  in  masses  simulating  a staphylococcus. 

5.  Plate  cultures  (under  a low  power,  Leitz,  3 objective,  1 ocular) — 

(a)  Agar  (37°  C.) — Small  granular  and  transparent-looking  colonies,  nearly 
circular  in  shape.  The  edge  of  the  colonies  has  a ragged  appearance,  but  no 
separate  loops  of  cocci  can  be  made  out. 

(A)  Gelatine  (20°  C.) — Minute  colonies  of  circular  shape,  showing  faint  granulation. 
The  colonies  are  transparent-looking  and  some  have  a nucleated  appearance. 
The  edge  is  firm  and  no  separate  loops  of  cocci  are  visible.  No  liquefaction. 

6.  Streak  cultures — 

(a)  Agar  (37°  C.) — The  growth  presents  no  special  characters  worthy  of  note. 

(A)  Gelatine  (20°  C.) — Resembles  somewhat  Streptococcus  XII.  No  liquefaction. 

7.  Jlroth  cultures  (37  C.) — Broth  remains  quite  transparent.  On  sides  of  tube 

cirrhus-like,  streaky,  white  growth.  At  foot  of  tube,  viscous  white  deposit.* 

8.  Litmus  milk  cultures  (37 J 0.) — In  two  days,  distinct  acid,  but  no  clot;  5th  day, 
ditto  ; 11th  day,  ditto. 

1.  .'>»»■'— Streptococcus  XVIII. 

2.  Source — c.c.  Crossness  crude  sewage. 

3.  Bate — December  21st,  1898. 


Fig.  20  (/). 


112 


The  Bacterial  Treatment  of  Sewage 


4.  Morphology — Stains  well  by  Gram’s  method.  Short  to  medium  chains. 

6.  Plate  culture s — (under  a low  power,  Leitz,  3 objective.  1 ocular)  — 

(«)  Agar  (37°  C.) — Colonies  circular  with  firm  edge ; transparent  and  faintly 
granular. 

(l>)  Gelatine  (20°  C.) — Most  of  the  colonies  seem  to  be  made  up  of  two  portions,  a 
granular,  irregularly-shaped,  darker  portion,  and  a more  transparent  and  larger 
portion,  which  is  less  granular.  Some  of  the  colonies,  however,  appeared  to  be 
composed  of  a collection  of  delicate  loops  like  S.  longug  type.  No  liquefaction .+ 

6.  Streak  cultures — 

(«)  Agar  (37°  C.) — Resembles  somewhat  Streptococcus  XV'. 

( b ) Gelatine  (20°  C.) — Ou  the  13th  day  the  growth  resembled  Streptococcus  XII., 
but  in  a few  places  delicate  filamentous  extensions  like  fine  seaweed  may  be- 
seem No  liquefaction. 

7.  Broth  cultures  (ST  C.) — Diffuse  cloudiness,  and  at  foot  of  tube  viscous  white  deposit, 
which  on  shaking  the  tube  rises  in  the  form  of  a spiral. 

8.  Litmus  milk  cultures — No  visible  change,  even  after  11  days’  inculcation. 


1.  Xame — Streptococcus  XIX. 

2.  Source — ^c.c.  effluent  from  the  primary  coarse  bed  A at  Barking. 

3.  Pate — November  1st,  1899. 

4.  Morphology — Stains  well  by  Gram’s  method.  The  chains  of  cocci  are  of  medium 
length. § 

5.  Plate  cultures  (under  a low  power,  Leitz,  3 objective,  1 ocular)— 

(a)  Agar  (37°  C.) — Irregularly-shaped,  transparent  colonies,  showing  well-marked 
wavy  granulation.  At  the  edge  of  some  of  the  colonies  separate  loops  of  cocci 
are  clearly  visible. 

(J)  Gelatine  (20°  C.) — Small  transparent  colonies,  showing  faint  wavy  granulation. 
Usually  circular  in  shape  with  clean  edge.  No  liquefaction. 

6.  Streak  cultures — 

(a)  Agar  (37°  C.) — No  record. 

(b)  Gelatine  (20°  C.) — Minute,  transparent,  circular  colonies.  No  liquefaction. 

7.  Broth  cultures  (37°  C.) — Some  diffuse  cloudiness,  but  granular  cloudiness  as  well. 
On  sides  of  tube,  streaky,  cirrhus-like,  white  growth. 

8.  Litmus  milk  cultures  (37°  C.)— In  two  days  strong  acid,  but  no  clot ; 4th  day,  ditto. 

9.  Remarks — A mouse  inoculated  subcutaneously  with  1 c.c.  broth  culture  remained 
apparently  unaffected. 


1.  Name — Streptococcus  XX.  , 

2.  Source—  c.c.  effluent  from  the  secondary  coarse  bed  A at  Barking. 

3.  Bate — November  1st,  1899.  _T_  _ 

4.  Morphology— Stains  well  by  Gram’s  method.  Resembles  Streptococcus  XIX.« 

5.  Plate  cultures  (under  a low  power,  Leitz,  3 objective,  1 ocular) 

(а)  Aqar  (37°  C.)— Minute  transparent  colonies,  nearly  circular  in  shape  with  clean 
edge.  Wavy  granulation  very  faint.  Some  of  the  colonies  are  more  granular- 
looking  and  have  a slightly  frayed  edge 

(б)  Gelatine  (20°  C.)— Resembles  Streptococcus  XIX. 

6.  Streak  cultures — 

(а)  Agar  (37°  0.)— No  record.  ....  , . 

(б)  Gelatine  (20°  C.)— Very  similar  to  Streptococcus  XIX.,  but  the  colonies  are 

more  transparent-looking. 

7.  Broth  cultures  (37°  C.) — Resembles  Streptococcus  XIX. 

8!  Litmus  milk  cultures — In  two  day's,  strong  acid,  but  no  clot ; 4th  day,  strong  acid , 

^9 ^Remarks — A mouse  inoculated  subcutaneously  with  1 c.c.  of  a broth  culture  was 
apparently  unaffected. 


1.  Xante — Streptococcus  XXI 

2.  Source—  c.c.  Barking  crude  sewage. 

3.  Bate — November  1st,  1899.  . „ , . 

4.  Morphology— Stains  well  by  Gram’s  method.  The  chains  of  cocci  are  usually  short, 

but  occasionally  long  chains  may  be  seen.*  ...  , , 

5.  Plate  cultures  (under  a low  power,  Leitz,  3 objective,  1 ocular)— 

(a)  Agar  (37°  C.)— Minute,  transparent,  faintly  granular-looking  colonies  with 

clean  edge.  Usually  circular  in  shape.  ....  , 

(b)  Gelatine  (20°  C.) — Small  transparent  colonies  showing  only  very  faint  granu- 
V lation.  Colonics  are  circular  with  slightly  wavy  border.  No  liquefaction. 


t Fig.  17(A). 


§ Fig.  16. 


c Fig.  18. 


* Fig.  19. 


113 


Summary  of  results,  as  regards  streptococci. 


0.  Streak  cultures — 

(a)  Agar  (37’  C.)— No  record. 

(A)  Gelatine  (20  C.)—  Resembles  Streptococcus  XIX.  and  XX.,  but  the  colonies 
are  smaller  and  more  transparent-looking-. 

7.  Rroth  cultures  (37  C.)— Abundant  diffuse  cloudiness  ; at  foot  of  tube  viscous  white 
deposit. 

8.  Litmus  milk  cultures  (37°  C.) — Strong  acidity,  but  no  clot. 

9.  Remarks — A mouse  inoculated  subcutaneously  with  1 c.c.  of  broth  culture  was 
apparently  unaffected. 

General  Summary  of  foregoing  results,  as  regards  the  presence  of 
Streptococci  in  the  crude  sewage  and  in  the  effluents  from  the 
bacterioj-beds. 

Name. — It  is  apparent  that  many  of  the  streptococci  resembled 
S.  brevis  and  some  S.  longus.  Moreover,  certain  of  the  streptococci,  if 
they  had  been  isolated  from  a septic  case  in  the  human  subject, 
might  readily  have  been  classed  as  S.  pyogenes.  In  the  present  state 
of  our  knowledge,  it  has  been  thought  best  to  register  them  merely  for 
descriptive  purposes  as  Streptococcus  I.,  II.,  III.,  &c.  Of  course,  many 
of  them  resembled  each  other  so  closely  as  to  suggest  identity  of  species 
or,  at  all  events,  close  kinship.  But  the  results  seem  to  indicate  that  in 
sewage  streptococci  are  not  only  more  numerous,  but  that  the  number  of 
different  species  is -much  greater  than  has  hitherto  been  supposed.  A 
great  many  microbes  isolated  from  crude  sewage  and  effluents  from 
bacteria-beds  are  not  included  in  the  above  list,  because,  on  studying 
their  morphological  and  biological  characters,  they  seemed  to  resemble 
staphylococci  more  closely  than  streptococci.  The  line,  however, 
dividing  these  two  classes  of  germs  is  by  no  means  sharp,  and  it 
is  possible  that  a few  microbes  have  been  included  in  the  above  list 
which  really  ought  to  be  placed  in  an  intermediate  position,  i.e.,  between 
the.  streptococci  and  staphylococci. 

Source. — In  each  case,  the  streptococci  were  isolated  from  as  minute 
a quantity  as  xd~ot}  c.c.  of  Barking  or  Crossness  crude  sewage,  or  the 
effluents  from  the  coke-beds  at  Barking  and  Crossness.  There  did  not 
appear  to  be  any  significant  alteration  in  the  number  of  streptococci  as 
the  result  of  the  bacterial  treatment  of  the  raw  sewage. 

Morphology. — All  stained  well  by  Gram’s  method.  The  majority 
formed  short  chains,  but  in  some  cases  the  chains  were  of  medium 
length,  and  in  a few  instances  long  chains  were  found.  Sometimes  the 
chains  cohered  together,  forming  masses,  thus  simulating  staphylococci. 
In  such  cases,  the  biological  characters  of  the  microbes  were  closely 
studied  before  coming  to  a definite  conclusion.  [As  a rule  staphylococci 
grow  more  rapidly  and  produce  a much  more  luxuriant  and  opaque 
growth  on  the  surface  of  gelatine  and  agar  than  do  streptococci. 
Further,  staphylococci  not  uncommonly  liquefy  gelatine.  On  the  other 
hand,  streptococci  do  not  liquefy  (unless  quite  exceptionally)  gelatine, 
and  as  a rule  grow  very  slowly  and  form  minute  and  transparent- 
looking colonies  in  agar  and  gelatine  cultures.] 

temperature. — It  is  to  be  noted  that  all  the  streptococci  grewr  well  at 
blood  heat. 

Agar  and  gelatine  cultures. — In  most  cases  the  colonies  (when  looked 
at  under  a iow  power  of  the  microscope)  were  very  small,  circular  in 
shape,  transparent-looking,  and  faintly  granular,  with  a dean  edge. 
Sometimes,  however,  the  colonies  showed  coarse,  wavy  granulation,  and 
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were  irregular  in  shape  with  a frayed  edge,  or  showed  at  the  periphery 
separate  loops  of  cocci.  It  must  not  be  forgotten  that  some  of  the 
streptococci  showed  little  or  no  appreciable  growth  when  incubated  at 
20°  C.  for  13  days  in  gelatine  streak  culture. 

Broth  cultures. — About  50  per  cent,  produced  diffuse  cloudiness  with 
a viscous  white  deposit  at  the  foot  of  the  tube.  In  about  20  per  cent., 
the  broth  remained  quite  clear,  the  growth  appearing  either  as  a con- 
glomerate mass  or  else  as  masses  with  cirrhus-like  extensions.  In 
about  15  per  cent.,  the  cloudiness  was  granular  in  character  with 
streaky  cirrhus-like  growths.  In  about  10  per  cent,  there  was  diffuse 
cloudiness  with  a deposit  at  the  foot  of  the  tube  coherent  in  granular 
masses.  In  about  5 per  cent,  a viscous  white  mass  collected  at  the  foot 
of  the  tube,  the  broth  remaining  transparent. 

Litmus  milk  cultures. — About  85  per  cent,  produced  acidity,  but  no 
clot.  About  5 per  cent,  showed  acidity  and  clot.  About  10  per  cent, 
produced  no  visible  change. 

Experiments  on  animals. — Only  a limited  number  of  experiments  were 
carried  out.  Sometimes  a pathogenic  effect  was  produced  in  mice,  but 
most  of  the  animals  were  apparently  unaffected.  An  absence  of 
pathogenic  effect  to  mice  need  not  necessarily  imply  in  streptococci 
freedom  from  disease-producing  capability  towards  other  animals. 
Moreover,  some  of  these  streptococci  may  have  been  highly  virulent  in 
the  past,  but  have  lost  their  pathogenic  action.  It  is  conceivable  that 
these  same  streptococci  might  under  certain  conditions  legain  their 
full  virulence. 

It  is  apparent  from  these  results  that  the  type  of  streptococcus 
which  is  especially  abundant  in  sewage  is  one  presenting  the  following 
characters.  For  convenience  of  description,  it  is  permissible  to  call  this 
microbe  “ Sewage  Streptococcus."  The  following  is  a brief  description 
of  its  chief  morphological  and  biological  character  : 


1 Name — “ Sewage  Streptococcus.”  , , . . , , , 

2 Source — Barking  and  Crossness  crude  sewage  and  effluents  from  bacterial  coke-beds. 

3]  Abundance—  Usually  more  than  1,000  per  c.c.  of  crude  sewage  and  effluents. 

4 Temverature — Grows  well  at  blood  heat.  , . . . , . 

5 Mo rpholoq y — Stains  well  by  Gram’s  method.  The  chains  of  cocci  are  usually  sh«.rt. 

6 TqaVandgelataie  plate  cultures  (under  a low  power,  Leitz,  3 objective,  looular)- 
The  colonies  are  small  and  transparent.  They  are  nearly  circular  in  shape  with  a c.< a* 
edge  The  granulation  is  faint.  The  colonies  in  agar  are  usually  more  granular  and 
darker  looking  than  in  gelatine  cultures.  The  gelatine  is  not  liquefied. 

7 Streak  Sres  (afar  at  37“  C.  and  gelatine  at  20“  C.)-The  growth  usually  shows 
itself  as  a delicate  white  film,  which  on  close  observation  is  seen  to  be  made  up  of 
numerous  separate  minute  transparent-looking  colonies.  The  gelatine  is  not  liquefied. 

8 Broth  cultures  (37°  C.)-Abundant  diffuse  c'oudiness.  On  gently  shaking  the  tu  >.• 
a viscous  white  deposit  rises  from  the  foot  of  the  tube  in  a spiral  form. 

9 Litmus  milk  cultures  ( 37°  C.) — Acidity,  but  usually  no  c . 

10.  Remarks — Probably  non-pathogenic  to  mice. 

It  will  be  understood  that  the  above  is  a description  not  of  a special 
micro-organism,  but  of  the  type  of  streptococcus  most  commonly  present 
in  crude  sewage  and  in  the  effluents  from  the  coke-beds. 


VIT  Notes  on  the  deposit  upon  the  coke  in  the  coke-beds. 

On  May  11th,  1899,  samples  of«coke  from  the  Barking  bed  were 

coated  with  a black-coloujed  slimy  deposit 
which  was  free  from  objectionable  smell,  and  almost  odourles..  The 


Fig.  21. — Unstained  Barking  coke  deposit,  x 85. 


Fig.  22.  Fio.23. 

KlGS.  22  and  23.— Barking  coke  deposit ; stained  for  tubercle,  showing  “ acid-fast 

bacteria,  x 1,500. 


Notes  on  the  deposit  upon  the  colie  in  the  coke-beds. 
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deposit,  which  was  readily  detached  from  the  surface  of  the  coke,  was 
examined.  When  looked  at  under  a low  power  of  the  microscope,  it 
was  found  to  be  composed  largely  of  minute  particles  of  coke  and 
sand,*  together  with,  apparently,  imperfectly  disintegrated  animal  and 
vegetable  matter.  This  organic  matter  is  probably  of  such  a nature  as 
to  resist  the  action  of  bacteria  for  a very  considerable  time,  if  not  almost 
indefinitely. 

Infusoria,  diatoms  and  minute  worms  of  different  kinds  were  present, 
but  the  sewage  fungus  was  not  observed  to  be  present  to  anjT  extent. 

A portion  stained  with  the  usual  aniline  dyes  (gentian  violet, 
methylene  blue,  &c.)  showed  that  bacteria  (reacting  to  such  stains) 
were  not  present  in  the  number  that  might  have  been  anticipated. 

On  diluting  the  deposit  largely  with  sterile  water  and.  making 
cultures  therefrom,  it  was  found  that  the  number  of  bacteria  per 
gramme  of  deposit  was  1,800,000.  This  number  of  microbes,  large  as 
it  may  appear,  would  weigh  only  a minute  fraction  of  a gramme,  so 
that  it  is  evident  that  the  number  of  living  bacteria  do  not  in  themselves 
account  in  any  way  for  the  deposit.  I made  some  experiments  in  this 
connexion,  and  found  that  1,800,000  typhoid  bacilli  weigh  only  00000147 
gramme. 

The  number  of  spores  of  B.  enteritidis  sporogenes  was  found  to  be  at 
least  10.000,  but  less  than  100,000  per  gramme  of  deposit. 

The  character  of  the  microbes  appearing  in  the  cultures  differed  some- 
what from  those  found  in  crude  sewage.  For  example  : There  was  an 
increase  in  the  number  of  spores  of  B.  enteritidis  sporogenes  (Klein),  and 
a decrease  in  the  number  of  B.  coli.  Proteus-like  germs  were  present 
in  abundance ; many  apparently  being  of  P.  mirabdis  type.  Further, 
B.  arborescens  and  an  allied  form  were  present  in  considerable  numbers. 
An  organism  apparently  identical  with  B.  prodigiosus  was  also  isolated. 
It  is  perhaps  worthy  of  note  that  a guinea-pig  inoculated  with  some  of 
the  deposit  developed  an  abscess  at  the  site  of  inoculation,  and,  when 
this  abscess  was  opened  some  weeks  later,  the  same  characteristic  red- 
colour-forming  bacillus  (?  B.  prodigiosus ) was  among  others  isolated  from 
the  pus. 

I wo  mice,  inoculated  subcutaneously  with  a small  portion  of  the 
deposit,  died  with  all  the  characteristic  symptoms  of  tetanus. 
Microscopic  cover-glass  preparations  were  made  from  the  seat  of  the 
inoculations:  numerous  bacilli  showing  drum-stick  spore-formation, 
and  indistinguishable  from  Bacillus  tetani,  were  noted.  A pure  cultiva- 
tion of  the  tetanus  bacillus  was  not  obtained,  but  two  anaerobic  microbes 
showing  terminal  spore-formation  were  isolated  from  the  seat  of  the 
wound.  One  of  these  liquefied  gelatine,  the  other  did  not.  They 
appeared  to  be  identical  with  two  micro-organisms  which  I isolated  by 
direct  anaerobic  culture  from  the  soil  in  1893.f 

It  has  been  stated  that  when  the  deposit  was  stained  with  the  aniline 
dyes  ordinarily  in  use  only  a limited  number  of  bacteria  reacted  to  the 
stain.  But  in  addition  to  ordinaiy  staining,  specific  staining  was 
resorted  to,  and  with  the  following  results — 

The  deposit  was  mixed  with  sterile  water,  and  cover-glass  prepara- 
tions  were  made.  These  were,  after  staining  with  hot  carbol-fuchsin, 

See  fig.  21.  t Ed.  Med.  Journal,  Nov.,  189S. 
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thoroughly  decolorised  in  33  per  cent,  nitric  acid,  and  counter- 
stained”  with  methylene  blue.  It  may  here  be  explained  that  this  is 
the  specific  staining  reaction  for  the  tubercle  bacillus,  and  that  other 
organisms  than  tubercle  are  found  to  be  stained  blue  at  the  end  of  this 
process,  the  tubercle  bacillus  alone  resisting  decoloration  with  the  acid, 
and  therefore  alone  retaining  the  bright  red  colour  of  the  carbol-fuchsin 
stain.  There  are,  however,  a few  exceptions  to  this  rule,  namely,  the 
leprosy  bacillus,  and  certain  other  organisms  (some  pathogenic,  other  non- 
patliogenic)  of  recent  discovery  in  milk  and  fatty  matters,  which  the 
Germans  have  called  “ acid-fast  bacteria. 

Now'  on  staining  in  the  above  manner,  a large  number  of  cover-glass 
preparations  of  the  deposit,  it  was  found  that  a considerable  number  of 
bacteria  retained  the  red  stain  after  treatment  with  33  per  cent,  nitric 
acid.  Moreover,  many  of  these  bacteria  were  frequently  arranged  in 
small  clumps  and  were  indistinguishable  morphologically  from  the 
tubercle  bacillus,  although,  however,  some  individuals  were  shorter  and 
plumper,  and  others  took  the  red  stain  more  deeply  than  the  tubercle 
bacillus.  Nevertheless,  the  fact  remains  that  in  specific  staining  re- 
action, in  their  arrangement  in  little  clumps,  and  in  their  appearance 
as  small  thin-beaded  and  curved  rods,  some  of  the  bacteria  resembled  the 
tubercle  bacillus  so  closely  as  almost  to  suggest  an  identity  of  species.* 

It  does  not  follow  from  the  above  that  these  microbes,  whatever  their 
nature,  were  alive,  for  micro-organisms  which  have  lost  their  vitality 
may  nevertheless  react  to  stains.  Yet,  on  the  other  hand,  it  might  well 
be  the  case  that  while  the  majority  were  dead  some  still  retained  their 
vitality  and  it  is  conceivable,  although  unlikely,  that  they  were  capable 
not  only  of  remaining  dormant,  but  also  of  multiplying  in  the  coke-beds. 

Before  proceeding  to  describe  certain  experiments  carried,  out  on 
animals,  it  is  of  advantage  to  record  the  results  of  further  examinations 
of  the  coke,  of  the  deposit  from  the  crude  sewage,  and  of  the  effluent  from 

On  May  30th,  1899,  some  more  coke  was  obtained  from  the  coke-beds 
at  Barking,  and  on  examination  the  same  “ acid-fast  bacteria  were 

n°On  May  30th,  1899,  20  c.c.  of  the  effluent  (dated  16th  May)  from  the 
thirteen-foot  coke-bed  at  Crossness  were  centrifugahsed  and  the  deposit 

stained  as  above.  The  result  was  negative.  f 

On  June  1st,  1899,  50  c.c.  of  Crossness  crude  sewage  and  o0  c.c.  of 
the  thirteen-foot  coke-bed  effluent  were  centrifugahsed  and  stained  as 

before.  The  result  was  negative.  . , r ~ e 

On  June  7th,  1899,  some  coke  was  obtained  from  the  C rossness  four- 

foot  coke-bed  (one  foot  from  the  surface).  Scrapings  from  the  surface 
of  the  coke  were  mixed  with  a little  water  and  stained  as  previously. 
I positive  result  was  obtained,  but  the  “ acid-fast  ” bacteria  were  for  the 
most  part  shorter  and  plumper  than  the  tubercle  bacillus.  ^ 

of  BiiSot  coke -bed° e ffluent  were  ^i  ^e^ch  in  a se^ 

^each^ase  ^further  clntoifugalisef  and  thereafter  stained,  as  in  the 
previous  experiment.  The  result  was  negative  as  regrmls  the  mule 


* Figs.  22,  23  ; figs.  24,  25  ; fig.  30. 


Fig.  24.  Fig.  25. 

Figs.  24  anil  25. — Barking  coke  deposit ; stained  for  tubercle,  showing  “acid-fast” 

bacteria.  X 1,500. 


Fig.  26.  — Deposit  from  Crossness  crude  sewage 
collected  in  trough  at  Crossness  ; stained 
for  tubercle , showing  “acid-fast”  bac- 
teria. X 1.500. 


Fig.  27.— Deposit  Crossness  crude  sewage.  60  c.e.  of  the  raw  sewage  were  ccntrifugalised 
arul  Ji  microscopic  preparation  made  of  the  deposit.  This  was  washed  in  acid,  then 
in  water,  and  finally  stained  with  methylene  blue,  x 1.000. 


Fig.  29. 


P igk.  2#  and  29. — Deposit  from  Crossness  crude  sewage.  60  e.c.  of  ilie  raw  sewage  were 
centrifugalised  and  a microscopic  preparation  made  of  the  deposit.  This  was 

washed  in  acid,  then  in  water  and  finally  stained  with  methylene  blue,  x 1.000. 

Figs.  27,  2K  and  29  show  the  zoogleea-like  masses  seemingly  of  cocci,  and  also  the  chains 
apparently  of  cocci  (streptococci).] 


Fig.  3o.  — Drawings  from  various  cover-glass  preparations  made  from  Barking  and 
Crossness  coke  deposits,  showing  the  different  shapes  and  forms  of  the  “ acid-fast  ” 
bacteria;  stained  for  tubercle,  x 1,000. 
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sewage,  but  in  the  case  of  the  effluent  a few  “ ocul-fast  bacteria  were 
obtained.  It  may  be  worthy  of  note  that  the  other  bacteria,  which,  by 
this  staining  process  were,  as  has  been  explained,  coloured  blue,  were 
chiefly  not  bacillary  in  form.  Most  of  them  appeared  as  cocci,  frequently 
arranged  in  zoogloea-like  masses,  and  also  as  long  chains  of  cocci 
(streptococci)  extending  often  right  across  the  field  of  the  microscope. 
Numerous  preparations  subsequently  made  showed  that  either  cocci,  or 
rods  so  short  and  rounded  at  their  ends  as  to  simulate  cocci,  predominated 
in  microscopic  stained  specimens  made  from  sewage  and  effluents,  and 
not,  as  might  have  been  imagined,  distinct  bacillary  or  rod-shaped 
forms.* 

On  June  15th,  1899,  samples  of  coke  from  the  four-foot  coke-bed 
(one  foot  from  surface)  and  from  the  thirteen-foot  coke-bed  (six  feet  from 
surface)  were  examined  as  previously.  A positive  result  was  obtained, 
but  the  “ acid-fast”  bacteria  were  somewhat  short  and  plump  in 
appearance.  They  were  usually  found  collected  together  in  little  clumps.. 

On  June  23rd,  1899,  some  of  the  deposit  from  Crossness  crude  sewage, 
which  collects  in  the  trough  close  to  the  pumping  plant,  was  examined 
as  above.  Here  a large  number  of  “ acid-fast  ” bacteria  were  noted, 
many  of  which  closely  resembled  the  tubercle  bacillus .f 

On  June  27th,  1899,  20  c.c.  of  Crossness  crude  sewage  and  of  the 
thirteen-foot  coke-bed  effluent  (dated  June  20th,  1899)  were  centri- 
fugalised  in  each  case,  and  the  deposit  stained  as  before.  In  both  cases 
“ acid-fast  ” bacteria  were  found,  and  they  were  apparently  more 
numerous  in  the  effluent.  The  bacteria  were  usually  arranged  in 
clumps,  and  the  short,  plump  forms  predominated. 

On  June  30th,  30  c.c.  of  Crossness  crude  sewage  and  of  the  thirteen- 
foot  coke-bed  effluent  (dated  June  27)  were  centrifugalised  in  each  case, 
and  the  deposit  was  stained.  A negative  result  was  recorded  as  regards 
the  crude  sewage,  but  in  the  preparation  of  the  deposit  from  the 
effluent  a few  short,  plump,  red-stained  rods  were  observed. 

On  July  18th,  1899,  50  c.c.  of  Crossness  crude  sewage  and  of  the 
thirteen-foot  coke-bed  effluent  were  centrifugalised  and  the  deposit  was 
stained,  as  in  previous  experiments.  In  the  case  of  the  crude  sewage 
after  prolonged  searching,  a few  short,  almost  egg-shaped  red-stained 
bacteria  were  found.  But  in  the  effluent,  little  difficulty  was  experienced 
in  finding  “ a/cid-fast  ” bacteria. 

On  July  26th,  50  c.c.  of  Crossness  crude  sewage  and  of  the  thirteen- 
foot  coke-bed  effluent  were  centrifugalised  and  the  deposit  was  stained. 
In  the  effluent,  red-stained  bacteria  were  found  without  any  difficulty, 
but  in  the  case  of  the  crude  sewage  the  diagnosis  was  doubtful. 

Summarising  these  results,  it  may  be  said  that  the  deposit  accu- 
mulating on  the  coke  in  the  bacteria-beds  was  found  to  contain  “ acid- 
fast  bacteria  in  large  numbers.  Similarly,  if  a sufficient  quantity  of 
the  crude  sewage  and  of  the  effluents  from  the  bacteria-beds  be  centri- 
fugalised and  the  deposit  stained  as  for  tubercle  bacilli,  the  same  red- 
stained  bacteria  are  found  in  the  preparations.  Particularly  is  this  the 
case  as  regards  the  effluent. 

As  regards  the  experiments  on  animals,  it  is  to  be  noted  that  the 
amount  of  deposit  from  the  coke,  sewage,  or  effluents  introduced  into 


* See  fig.  27,  and  figs.  28  and  29. 


f Se3  fig.  26. 
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the  animal  was,  of  necessity,  small,  so  as  to  avoid  a rapidly  fatal  result 
from  the  pathogenic  bacteria  habitually  present  in  the  materials  used. 
Had  it  been  possible  to  employ  larger  quantities,  different  results  might 
have  been  obtained. 

Without  entering  unduly  into  detail,  it  may  be  said  that  none  of  the 
guinea-pig3  died  of  tme  tuberculosis.  It  is  not  proposed  to  speak  here 
of  other  diseases  produced  by  the  injections,  or  of  such  diseases  as  might 
on  incomplete  examination  be  judged  to  be  tubercle. 

There  was,  however,  one  notable  exception,  but  here  the  deposit 
(which  contained  many  “ acid-fast  ” bacteria)  was  not  obtained  from 
either  the  Barking  or  Crossness  coke-beds.  Nevertheless,  it  was  from 
a coke  bacteria-bed,  which  had  been  treated  with  sewage  for  a con- 
siderable time,  and  worked  on  similar  lines  to  those  adopted  at  the 
Northern  and  Southern  Outfall  Works.  Here  the  guinea-pig  died  after 
the  lapse  of  some  weeks,  and  on  examination  presented  the  usual 
appearance  of  tubercle  infection.  Moreover,  sections  of  the  bronchial 
glands,  spleen,  and  other  organs,  when  appropriately  stained,  showed 
the  presence  of  numerous  tubercle  bacilli*  So  that  in  this  case  at  least, 
it  is  not  open  to  doubt  that  some  of  the  “ acid-fast  ” bacteria  were  those 
of  the  bacillus  of  tuberculosis. 

It  may  be  concluded  from  these  experiments  that,  even  if  some  of  the 
“ acid-fast  ” bacteria  collecting  in  the  coke-beds  are  those  of  the  tubercle 
bacillus,  they  have  for  the  most  part  lost  their  infective  power.  Never- 
theless, the  single  positive  result  here  recorded  tends  to  destroy  the 
belief  that  none  of  the  bacteria  in  question  are  those  of  tubercle,  or  that, 
being  tubercle,  they  have  entirely  lost  their  infective  power. 

That  some  of  the  “ acid-fast  ” bacteria  should  be  those  of  the  bacillus 
of  tuberculosis  is  not  so  remarkable  when  the  source  of  raw  sewage  is 
taken  into  consideration,  and  when  it  is  remembered  that  each  fragment 
of  deposit  collecting  on  the  coke  in  the  bacteria-beds  probably  represents 
the  flow  of  hundreds  of  gallons  of  sewage. 

In  conclusion,  no  further  claim  is  made  than  this : — 

I.  In  crude  sewage,  in  bacterial  coke-beds,  and  in  the  effluent  from 
bacteria-beds,  there  are  certain  bacteria  which,  after  being  stained  with 
hot  carbol-fuchsin,  resist  decolorisation  with  33  per  cent,  of  nitric  acid. 

II.  Some  of  these  “ acid-fast  ” bacteria  cannot,  with  certainty,  be 
morphologically  distinguished  from  the  tubercle  bacillus. 

III.  In  one  instance  a guinea-pig  inoculated  with  the  deposit 
accumulating  on  the  coke  of  a bacteria-bed  died,  and  presented,  on 
examination,  the  appearance  of  death  from  tubercle  infection,  and 
sections  of  its  organs,  when  appropriately  stained,  showed  the  presence 
of  numerous  tubercle  bacilli. 

VIII.  Experiments  on  Animals. 

Injection  of  cmdue  sewage  and  of  effluents  into  guinea-jngs. 

The  conclusions  which  have  been  arrived  at  as  a result  of  the  above 
experiments  may  be  briefly  stated  as  follows  : — 

I.  The  subcutaneous  injection  of  Barking  and  Crossness  crude  sewage 


* See  figs.  31,  32,  33,  34. 


Fig.  31.  Fig.  32. 

Figs.  31  and  32. — Section  of  bronchial  gland  of  guinea-pig,  dead  of  tuberculosis  ; 
stained  for  tube-role.  X 1,500. 


Fig.  33.  Fig.  34. 

h igs.  33  and  34.  Section  of  spleen  of  guinea-pig,  dead  of  tuberculosis  : stained  for 

tubercle,  x 1,500. 

1 be  guinea-pig  died  after  inoculation  with  the  “ washings  ” from  the  deposit  on  the  coke 

in  a bacfceria-bed.] 


/ 
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into  guinea-pigs  (about  1—3  c.c.  per  200  grammes  weight)  always 
produced  a local  reaction,  and  usually  death  in  from  24  to  ( - hours. 
If  the  guinea-pigs  did  not  die  within  the  first  few  days,  although 
suppuration  and  ulceration  sometimes  occurred  at  the  Bite  of  the 
inoculation,  the  animals  usually  recovered  completeljr.  Sometimes  the 
effluents  from  the  coke-beds  were  more  pathogenic  than  the  raw  sewage 
itself,  but  as  a rule  a somewhat  larger  dose  of  effluent  was  required  to 
produce  a fatal  result.  If  the  crude  sewage  or  effluent  was  injected 
intra-peritoneally  instead  of  subcutaneously,  the  animals  usually  died 
more  quickly,  and  succumbed  to  a smaller  dose.  There  were,  however, 
exceptions  to  this  rule. 

II.  If  the  injection  of  the  crude  sewage  or  effluent  was  not  followed  by 
fatal  results  within  the  first  few  days,  the  animal  occasionally  died 
after  the  lapse  of  some  weeks,  and  on  post-mortem  examination 
showed  appearances  simulating  tubercle  infection  ; but  on  closer  study 
it  was  found  that  death  was  really  due  to  pseudo-tuberculosis 
(B.  pseuclo-t uber cAilosis  rtf  Pfeiffer). 

[It  will  be  remembered,  however,  that  in  one  case  a guinea-pig  inoculated  with 
a portion  of  coke  deposit  died  from  true  tuberculosis.  Notes  on  the  deposit  upon 
the  coke  in  the  coke-beds.] 

III.  When  the  animal  died  rapidly  (24 — 72  hours),  virulent  microbes, 
belonging  to  the  class  of  B.  coli  and  B.  proteus,  were  readily  isolated 
from  the  blood  or  tissues  of  the  animal. 

IV.  If  the  crude  sewage  or  effluent  was  previously  heated  to  100°  C. 
for  one  hour,  large  doses  could  be  injected  into  rodents  without  pro- 
ducing a fatal  result.  This  would  seem  to  show  that  the  pathogenic 
effect  of  the  sewage  and  effluents  is  not  directly  traceable  to  such  of  the 
intra-cellular  and  extra-cellular  products  of  microbes  as  are  capable  of 
resisting  this  temperature. 

[This  temperature  (100°  C.)  would  change  poisonous  active  albuminoids  to  non- 
poisonous  passive  albuminoids , and  would  also  decompose  enzymes  ; but  it  would 
not  necessarily  destroy  the  poisonous  substances  resulting  from  the  decomposition 
of  putrefying  albuminoids  known  as  ptomaines.] 

V.  If  the  crude  sewage  or  effluent  was  previously  heated  to  80°  C.  for 
ten  minutes,  a pathogenic  effect  could  still  be  produced : but  a much 
larger  dose  was  generally  required  than  when  the  liquid  had  not  been  so 
heated.  Here  death,  when  it  occurred,  was  possibly  due  to  B.  enteritidis 
sporogenes,  or,  it  may  be  to  anaerobic  micro-organisms  of  the  malignant 
"■dema  group.  These  results  would  seem  to  indicate  that  the  pathogenic 
effect  of  sewage  and  sewage  effluents  is  not  usually  or  primarily  due  to 
micro-organisms  present  in  spore  form,  since  a much  larger  dose  is 
required  when  the  liquid  has  been  previously  heated  to  80°  C.  ; unless, 
indeed,  these  microbes  possess  an  increased  pathogenic  power  in  the 
presence  of  other  germs  not  present  as  spores. 

VI.  If  the  crude  sewage  or  effluent  was  filtered  through  a sterilised 
I’asteur’s  filter,  very  large  doses  of  the  filtrate  failed  to  produce  a 
pathogenic  effect.  This  would  seem  to  prove  that  it  is  not  the  extra- 
cellular products  of  the  bacteria  which  by  themselves  produced  the  patho- 
genic result.  But  it  is  possible  that  filtration  under  the  above 
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conditions  may  render  the  bacterial  products  harmless  where  before 
they  were  noxious. 

It  is  not  proposed  to  give  in  detail  the  numerous  experiments  which 
have  been  carried  out  on  animals  ; but  a few  experiments  may  be 
cited  by  way  of  illustration. 

February  22ml,  1899. 

(a)  1 c.c.  Barking  crude  sewage  injected  subcutaneously  in  guinea-pig  (called 
g.p.  i). 

(i)  1 c.c.  effluent  from  Barking  fine  ragstone-bed  injected  subcutaneously  in 
guinea-pig  (called  g.p.  ii). 

(c)  1 c.c.  effluent  from  Barking  fine  coke-bed  injected  subcutaneously  in  guinea-pig 
(called  g.p.  iii). 

February  23rd — g.p.  i,  poorly,  with  swollen  belly  ; g.p.  ii  and  iii,  fairly  lively,  with 
less  abdominal  swelling. 

February  24th — g.p.  i,  moribund  ; g.p  ii  and  iii,  in  about  the  same  condition  as  on 
the  preceding  day. 

February  25th — g.p.  i,  dead.  Post-mortem  examination,  showed  thickening  of 
abdominal  wall  and  oedema,  but  not  much  sanguineous  exudation. 

March  1st — g.p.  ii  and  iii,  quite  lively  and  well,  except  that  g.p.  ii,  had  some 
abdominal  ulceration. 

The  animals  (g.p.  ii  and  iii)  eventually  recovered  completely  from  the  effects  of  the 
injection. 

March  1st,  1899. 

(a)  l c.c.  Crossness  crude  sewage  injected  intra-peritoneally  in  guinea-pig  (called 
g.p.  i). 

(i)  1 c.c.  Crossness  effluent  from  13  foot  single  coke-bed  injected  intra-peritioneally 
in  guinea-pig  (called  g.p.  ii). 

March  2nd — g.p.  ii,  moribund,  so  killed. 

March  3rd — g.p.  i,  dead. 

March  29th,  1899.  , . 

(a)  1 c.c.  Barking  effluent  from  coarse  ragstone-bed  injected  subcutaneously  in 

guinea-pig  (called  g.p.  i).  ... 

(5)  1 c.c.  Barking  effluent  from  coarse  coke-bed  injected  subcutaneously  in  guinea- 

pig  (called  g.p.  ii). 

(c)  1 c.c.  Barking  effluent  from  fine  ragstone-bed  injected  subcutaneously  in 
guinea-pig  (called  g.p.  iii).  . 

(<f)  1 c.c.  Barking  effluent  from  fine  coke-bed  injected  subcutaneously  m guinea- 

pig  (called  g.p.  iv).  ...  ...  , 

(e)  1 c.c.  Crossness  effluent  from  13  foot  coke-bed  injected  subcutaneously  in 

guinea-pig  (called  g.p.  v). 

April  1st- g.p.  i and  g.p.  iv,  dead. 

April  3rd— g.p.  iii,  dead. 

April  4th— g.p.  ii,  and  g.p.  v,  apparently  quite  recovered  from  the  effects  of  the 
inoculation. 


April  27th,  1899.  , . . . , „ - 

(a)  1 c.c.  Crossness  crude  sewage  injected  subcutaneously  in  guinea-pig  (called 

^ 1 c.c.  Crossness  effluent  from  13  ft.  coke-bed  injected  intra-peritoneally  in 

guinea-pig  (called  g.p.  ii).  . ...  • 

(c)  l c.c.  Crossness  crude  sewage  injected  intra-peritoneally  in  guinea-pig  (called 

B P(d)1l’  c.c.  Crossness  effluent  from  13  ft.  coke-bed  injected  subcutaneously  in  guinea- 
pig  (called  g.p.  iv). 

April  29th— g.p.  i,  dead. 

May  1st— g.p.  iii,  dead. 

May  4th— g.p.  iv,  dead,  g.p.  ii,  apparently  quite  recovered  from  the  effects  of 
injection. 

N°'e(a)bBMkfflg1 effluent  from  B1  coke-bod,  heated  to  80°  C.  for  ten  minutes  Two  c.c. 
injected  subcutaneously  in  guinea-pig  (called  g.p.  i).  The  animal  rema  p 

parcntly  unaffected. 


Vitality  of  the  cholera  vibrio  in  crude  sewage. 
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December  1st,  1899. 

(a)  3 c.c.  Barking  crude  sewage  injected  subcutaneously  in  guinea-pig  (called 
g.p.  i). 

( ft ) Same  as  (a),  but  crude  sewage  previously  heated  to  80°  C.  for  ten  minutes 
(called  g.p.  ii). 

The  dose  was  apparently  too  large,  as  both  g.p.  i,  and  g.p.  ii,  died,  but  the  former 
died  first. 

December  12th,  1899. 

(a)  1 c.c.  Barking  crude  sewage  injected  subcutaneously  in  guinea-pig  (called  g.p.  i). 
(ft)  Same  as  (a),  but  sewage  previously  heated  to  80°  C.  for  ten  minutes,  and  2 c.c. 
injected  (called  g.p.  ii). 

(e)  Same  as  (a),  but.  sewage  previously  heated  to  100°  C.  for  one  hour,  and  4 c.c. 
injected  (called  g.p.  iii). 

(rf)  Same  as  (a),  but  sewage  first  filtered  through  a sterilised  Pasteur’s  filter,  and 
10  c.c.  of  the  filtrate  injected. 

All  the  animals  recovered  from  the  effects  of  the  injection  except  g.p.  i. 

IX.  (A)  The  vitality  of  the  cholera  bacillus,  b.  prodigiosus,  and 

STAPHYLOCOCCUS  PYOGENES  AUREUS  IN  THE  CRUDE  SEWAGE  AT  THE 

Southern  Outfall  Works  (Crossness). 

(B)  The  inoculation  of  the  thirteen-foot  coke-bed  at  the 
Southern  Outfall  Works  (Crossness)  with  a special  sewage 
microbe. 

(C)  Effect,  as  regards  the  resultant  quality  of  the 
effluents  from  the  bacteria-beds,  of  the  addition  of  cer- 
tain CHEMICAL  SUBSTANCES  TO  THE  CRUDE  SEWAGE  AT  THE  NORTHERN 

Outfall  Works  (Barking). 

(A).  The  vitality  of  the  cholera  bacillus,  B.  prodigiosus,  and  Staphylococcus 
pyogenes  aureus  in  the  crude  sewage  at  the  Southern  Outfall  Worlcs 
(Crossness). 

The  sewage  was  not  sterilised,  as  sterilisation  greatly  alters  the 
chemical  composition  of  sewage,  and  the  object  of  the  experiments  was 
to  ascertain  broadly  whether  these  particular  bacteria  survive  for  any 
length  of  time  in  competition  with  the  numerous  other  micro- 
organisms normally  present  in  raw  sewage. 

(a)  Vitality  of  the  cholera  bacillus  in  the  crude  sewage  at  the 
Southern  Outfall  Works  (Crossness). 

Experiment  1,  October  24 th,  1898. 

Ten  c.c.  of  Crossness  crude  sewage  were  poured  into  a sterile  test-tube, 
and  the  tube  was  plugged  with  sterile  wool.  The  contents  of  the  tube 
were  next  inoculated  with  a platinum  loopful  of  the  cholera  bacillus 
taken  from  a young  gelatine  culture.  The  tube  containing  the  crude 
sewage  (+  the  cholera  bacillus)  was  kept  in  a dark  cupboard  at  the 
room  temperature.  In  seeking  to  determine  the  viability  of  Koch’s 
cholera  vibrio  the  following  plan  was  adopted.  From  time  to  time  a 
loopful  of  the  sewage  was  transferred  to  a tube  containing  sterile 
peptone  solution  (peptone  1 per  cent. ; NaCl  05  per  cent.).  The 
peptone  tube  was  incubated  at  37  J C.,  and  about  twenty-four  hours 
later  a loopful  of  the  liquid  was  taken  from  near  the  surface  of  the 
liquid  in  order  to  make  stained  cover-glass  preparations  for  microscopic 
examination.  A number  of  such  preparations  were  made,  and  these 
were  examined  microscopically  for  the  presence  of  Koch’s  vibrio. 


122 


The  Bacterial  Treatment  of  Seicag e. 


The  results  obtained  are  shown  in  the  following  Table — 


Date  of  inoculation  of 
peptone  solution  from  the 
tube  containin'*  the  sewage 
plus  the  cholera  vibrio. 

Date  of 
examination  1 
of  peptone 
culture. 

Descriptive 
number 
of  cultures. 

Remarks. 

Results  of  the  examination  of  the  peptone 
cultures. 

1898 

October  24  

1898 

October  25 

(1) 

Cholera  vibrios  present  in  great 

(Immediately  aftei  the 
inoculation  of  the 
sewage  with  Koch’s 
vibrio) 

October  25 

26 

(2) 

abundance  and  almost  in  pure 
culture 

Vibrios  could  only  be  found  after 

26 

27 

(3) 

prolonged  search 

No  difficulty  was  experienced  in 

„ 27 

11 

28 

(1) 

finding  vibrios 

Vibrios  present  in  abundance 

„ 28 

29 

(5) 

A positive  result  was  with  difficulty 

31 

November  1 

(6) 

obtained 

11  11  ft 

November  1 

2 

CO 

i)  >•  n 

„ 2 

3 

(8) 

11  »> 

» 3 

11 

4 

(9) 

11  11  >» 

„ i 

11 

5 

(10) 

A doubtfully  positive  result 

9 

10 

(11) 

Only  a few  vibrios,  but  these  were 

18 

19 

(12) 

typical 

Many  vibrios,  but  most  of  them 
larger  (longer  and  thicker)  than 
normal 
? Positive 

24 

11  trx  ... 

11 

25 

(13) 

December  5 ... 

December  6 

(14) 

Quite  negative 

It  is  to  be  noted  that  in  culture  (1)  Koch’s  vibrio  was  present  almost 
in  pure  culture,  but  in  (2)  it  was  demonstrated  only  with  great 
difficulty.  In  (3)  and  (4),  however,  vibrios  were  present  in  abundance. 
In  (5),  (6),  (7),  (8),  (9)  cultures  a positive  result  was  arrived  at  only 
with  great  difficulty,  and  in  (10)  the  result  was  only  doubtfully  positive. 
In  (11)  and  (12)  cultures,  the  diagnosis  was  more  certain,  but  in  the 
latter  culture  the  microbe  seemed  to  have  become  slightly  altere  , 
morphologically7.  In  (13)  there  was  a considerable  element  of  doubt, 
and  in  (14)  the  result  was  quite  negative.  . . 

The  apparent  rise  and  fall  in  the  vitality  of  the  vibrio  during  t le 
progress  of  the  experiment  is  of  interest.  > 

It  is  evident  that  the  cholera  vibrio  is  able  to  exist  in  Crossness  crude 
sewage  in  competition  with  the  numerous  other  microbes  also  present 
and  under  lab(  ratory  conditions  of  experiment  for  a considerable  time. 

Experiment  2,  October  2 6th,  1S98. 

The  experiment  was  a repetition  of  experiment  1,  except  that  a much 
greater  number  of  cholera  germs  was  added  to  the  sewage,  viz.,  1(~ 
whole  of  the  surface  growth  from  an  oblique  agar  culture  v nc  i a 
been  incubated  at  37°  C.  for  three  days.  Indeed,  the  number  o \ i mos 
added  was  greatly  in  excess  of  the  total  number  of  micro-organisms  in 
the  sewage. 
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Vitality  of  B.  prodigiosus  in  crude  sewage, 


The  results  obtained  were  as  follows — 


Date  of  inoculation  of 
peptone  solution  from  the 
tube  containing  the  sewage 
plus  the  cholera  vibrio. 

Date  01 
examination 
of  peptone 
cultures. 

Descriptive 
number 
of  cultures. 

Remarks. 

Results  of  the  examination  of  the  peptone 
cultures. 

1898 

October  26  

1898 

October 

27 

O) 

Cholera  vibrios  present  in  great  abun- 

(Immediately  after  the 
inoculation  of  the 
sewage  with  Koch’s 
vibrio) 

October  27 

28 

(2) 

dance 

A positive  result  was  obtained  only 

„ 28 

»» 

29 

(3) 

with  difficulty 

Vibrios  found  without  difficulty 

„ 31 

November  1 

CL 

November  1 

2 

(3) 

Only  a few  vibrios  could  be  found 

9 

u “ •••  ••• 

11 

3 

(6) 

A positive  result  was  obtained  with- 

„ 3 ... 

11 

4 

(7) 

out  much  difficulty 
Vibrios  found  without  any  difficulty 

„ i 

5 

(8) 

A positive  result  was  obtained,  but 

,,  9 

11 

10 

(9) 

only  after  prolonged  search 
The  result  was  negative 

„ 18 

11 

19 

(10) 

11  11 

„ 24 

11 

25 

(11) 

December  5 

December  6 

(12) 

11  11 

In  this  experiment,  as  in  experiment  1,  there  was  a difficulty 
experienced  in  finding  the  cholera  bacillus  in  the  peptone  culture 
number  (2),  made  only  the  day  after  inoculation.  Yet  in  both 
experiments,  no  difficulty  was  experienced  in  arriving  at  a positive 
diagnosis  as  regards  number  (3)  peptone  culture.  Notwithstanding 
the  enormous  number  of  vibrios  added  to  the  sewage,  they  appeared  to 
die  out  much  sooner  than  in  the  preceding  experiment. 

Speaking  in  general  terms  and  dealing  with  both  experiments,  it  may 
be  said  that  under  the  above  conditions  of  experiment  the  cholera  vibrio 
may  lose  its  vitality  in  less  than  a fortnight  (experiment  2)  or  remain 
viable  for  nearly  four  weeks  (experiment  1)  when  added  to  Crossness 
crude  sewage. 

(P)  \ itality  of  B.  prodigiosus  in  the  crude  sewage  at  the  Southern 
Outfall  Works  (Crossness). 

Experiment  3,  October  2ith,  1898. 

In  this  experiment  10  c.c.  of  Crossness  crude  sewage  were  inoculated 
with  B.  p/rodigiosus  (platinum  loopful  from  a young  agar  culture). 
Although  this  micro-organism  is  occasionally  met  with  in  sewage, 
it  is  very  rare  in  London  raw  sewage,  and  is  therefore  to  be  regarded 
as  being  in  a sense  an  intruder.  The  tube  containing  the  raw 
sewage  ( + B.  prrodigiosus)  was  kept  in  a dark  cupboard  at  the  room 
temperature. 

In  seeking  to  determine  the  viability  of  this  microbe  in  the  sewage, 
the  following  plan  was  adopted— From  time  to  time,  a loopful  of  the 
sewage  ( -f  B.  prodigiosus)  was  taken  and  rubbed  over  the  sloping 
surface  of  oblique  agar  tubes.  These  were  kept  at  the  room  tem- 
perature, and  the  presence  of  B.  prodigiosus  was  readily  detected  by  the 
bright  red  colour  produced  by  the  growth  of  this  microbe  in'ajrar 
cultivations. 
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The  Bacterial  Treatment  of  Sewage. 


The  results  obtained  are  shown  in  the  following  table — 


Date  of  inoculation  of  the  oblique  agar  tubes  from 
the  tube  of  sewage  plus  B.  prodigiosus. 

Descriptive  j 
number 
of  cultures. 

H**ults. 

As  regards  red  growth  <m  oblique 
(gar  tubes. 

1898 

October  24  

(D  i 

Positive 

(Immediately  after  the  inoculation  of  the 
sewage  with  B.  prodigiosus) 

October  25 

(2) 

It 

„ 26  ... 

(3) 

11 

„ 27 

(4) 

11 

„ 28 

(5) 

11 

„ 29 

(6) 

11 

„ 31 

(7) 

11 

November  1 

(8) 

„ (only  a few  colonies) 

„ 2 

(9) 

11  11 

3 

(10) 

11  11 

4 

(ID 

11  1 * 

5 

(12) 

„ (only  3 colonies) 

7 

(13) 

„ (only  1 colony) 

„ 9 * 

(14) 

>5  t 1 

„ 12 

(15) 

Negative 

„ 14 

(16) 

i» 

„ 16 

(17) 

ii 

„ 18 

(18) 

ii 

..  25 

(19) 

ii 

December  3 

(20) 

ii 

It  is  to  be  noted  that  B.  prodigiosus  retained  its  vitality  in  the  crude 
sewage  for  sixteen  days.  Afterwards,  it  could  not  be  found  in  any  of 
the  cultures.  During  the  sixteen  days  B.  prodigiosus  remained  alive,  it 
was  noted  that,  whereas  at  the  start  an  abundant  red  growth  showed 
itself  in  the  agar  cultures,  towards  the  end  of  this  period  the  number 
of  red  colonies  developing  was  very  small,  and  in  cultures  (12),  (13), 
and  (14),  the  number  of  red  growths  was  only  three,  one,  and  one 
respectively.  Speaking  in  general  terms,  it  may  be  said  that  the 
number  of  B.  prodigiosus  decreased  rather  rapidly,  and  usually  each 
successive  culture  showed  less  red  growth  than  the  one  immediately 
preceding  it. 

Experiment  4,  November  2nd,  1S98. 

This  experiment  was  a repetition  of  experiment  3,  10  c.c.  of  Crossness 
crude  sewage  being  inoculated  with  a platinum  loopful  of  a recent 
growth  of  B.  prodigiosus  on  agar. 

The  results  obtained  are  shown  in  the  following  table — 


Date  of  inoculation  of  the  oblique  agar  tubes  from 
the  tube  of  sewage  plus  B.  prodigiosus. 


Nads 

November  2 

(Immediately  after  the  inoculation  of  the 
sewage  with  B.  prodigioms) 

November  3 
„ 7 

„ y 
„ 12 
„ 14 

„ 16 
„ 18 
,,  24 

December  3 


Descriptive 
number 
of  cultures. 


(1) 


(2) 

(S') 

(4) 

(5) 
CH 

(7) 

(8) 
(91 

(10) 


Results. 

As  regards  rod  growth  on  oblique 
agar  tubes. 


Positive 


(only  one  colony) 


Negative 


Vitality  of  s.p.  aureus  in  crude  sewage. 
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In  this  experiment,  the  B.  prodigiosus  remained  alive  for  10  days, 
but  was  not  discoverable  on  the  12th,  14th,  16th,  22nd,  or  31st  day 
after  inoculation. 

Speaking  of  both  the  experiments,  it  may  be  said  that  under  the 
above  laboratory  conditions  of  experiment  B.  prodigiosus  in  Crossness 
crude  sewage  either  dies,  or  becomes  so  reduced  in  numbers  as  no 
longer  to  be"  capable  of  being  readily  isolated  within  a period  varying 
from  10  to  16  days. 

It  would  seem  from  these  experiments  as  if  the  cholera  bacillus  were 
capable  of  existing  in  sewage  for  a longer  time  than  the  B.  prodigiosus. 
This  is  assuming,  of  course,  that  the  two  different  methods  used  for 
detecting  these  microbes  were  of  equal  delicacy,  which  is  probably  not 
actually  the  case. 

(c)  Vitality  of  staphylococcus  pyogenes  aureus  in  the  crude  sewage  at 
the  Southern  Outfall  Works  (Crossness). 

Experiment  5,  November  9th,  1898. 

In  this  experiment,  10  c.c.  of  Crossness  crude  sewage  were  inoculated 
with  a platinum  loopful  of  a young  agar  culture  of  staphylococcus 
pyogenes  aureus.  This  pathogenic  microbe  has  been  described  as  being 
occasionally  present  in  raw  sewage.  My  own  experience  leads  me  to 
believe  that  it  is  only  very  rarely  present  in  sewage.  Certainly,  it  is  to 
be  regarded  as  a microbe  foreign  to  the  bacterial  flora  of  ordinary 
sewage. 

The  tube  containing  the  raw  sewage  ( + St.  pyogenes  aureus)  was  kept 
in  a dark  cupboard  at  the  room  temperature. 

In  seeking  to  determine  the  viability  of  this  micro-organism  in  the 
sewage,  the  following  plan  was  adopted.  From  time  to  time,  a loopful 
of  the  sewage  from  the  tube  was  taken  and  rubbed  over  the  sloping 
surface  of  oblique  agar  tubes.  These  were  incubated  at  37°  C.,  and  the 
presence  of  St.  pxjogenes  aureus  was  readily  ascertained  by  observing  the 
golden  orange-yellow  colour  produced  by  the  growth  of  this  germ  in 
agar  cultures. 

The  results  obtained  are  shown  in  the  following  table — 


Date  of  inoculation  of  the  oblique  agar  tubes  from 
the  tube  containing  sewage  pin * St.  pyogenes  aureus. 

Descriptive 
number 
of  cultures. 

Results. 

As  regards  presence  or  absence  of 
characteristic  coloured  growth 
of  St.  pyoycnes  aureus. 

1898 

November  9 

(Immediately  after  the  inoculation  of  the 
sewage  with  St.  pyogenei  aurcuis) 

(i) 

Positive  (decided  growth) 

November  10 

(2) 

* 11 

(3) 

11  11 

„ 12 

(4) 

ff  11 

„ 14 

(5) 

11  11 

„ 17 

(6) 

1)  11 

,,  24 

(7) 

December  3 

(8) 

,,  14 

(9) 

Negative 

„ 17 

(10) 

Positive  (one  colony) 

In  cultures  made  subsequent  to  December  17th,  no  colonies  of 
St.  pyogernes  aureus  could  be  found. 
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It  is  to  be  noted  that  up  to  the  twenty-fourth  day  after  the  original 
inoculation,  the  presence  of  St. pyogenes  aureus  wan  easily  demonst  rated. 
But  a negative  result  was  obtained  in  the  case  of  culture  (9) — thirty- 
fifth  day.  Nevertheless,  in  culture  (It))  a single  colony  was  discovered, 
i.e.,  on  the  thirty-eighth  day  subsequent  to  inoculation.  Later,  the 
microbe  was  no  longer  discoverable  in  cultures  made  from  the  S'-wage. 

From  this  experiment,  it  would  seem  that  St.  pyogenes  aureus  is 
capable  of  retaining  its  vitality  in  Crossness  crude  sewage  for  a con- 
siderable time. 

In  conclusion,  and  speaking  in  general  terms  of  all  the  experiments, 
it  may  be  stated  that  the  cholera  vibrio  ('pathogenic),  B.  prodigiosan 
(non-pathogenic),  and  St.  pyogenes  aureus  (pathogenic)  are  capable  of 
retaining  their  vitality  for  a considerable  time  in  Crossness  crude  sewage 
notwithstanding  competition  with  the  very  numerous  bacteria  normally 
present  in  the  liquid.  But  it  must  be  insisted  upon  that  the  conditions 
prevailing  in  laboratory  test-tube  experiments  are  widely  different  from 
those  in  operation  in  biological  coke-beds.  Nevertheless,  when  looking 
at  the  subject  from  the  point  of  the  epidemiologist,  these  experiments 
are  far  from  reassuring,  and,  indeed,  would  seem  to  indicate  that  the 
antagonism  of  the  saprophytic  bacteria  normally  present  in  sewage 
would  not  suffice  for  the  complete  destruction  of  pathogenic  species 
either  in  the  sewers  or,  later,  in  the  bacteria-beds.  The  bacteria-beds 
beino-  purposely  constructed  so  as  not  to  hold  back  mechanically  the 
suspended  matters,  it  is  to  be  feared,  judging  from  the  results  of  these 
experiments  that  the  biological  processes  at  work  in  the  coke-beds 
would  not  rapidly  destroy  the  life  of  pathogenic  microbes  ; although 
they  might  inhibit  the  multiplication  of  pathogenic  germs  accidentally 
introduced  into  the  crude  sewage,  it  appears  that  the  effluents  from  the 
beds  ought  to  be  regarded  as  doubtfully  more  safe  in  their  possible 
relationship  to  disease  than  the  raw  sewage  itself.  It  must  be 
remembered,  however,  that  the  number  of  the  pathogenic  germs  added 
to  the  sewage  in  these  experiments  was  vastly  greater  than  could  con- 
ceivably take  place  under  natural  conditions,  and  that,  notwithstanding 
the  enormous  number  introduced,  there  was  definite  indication  of  a 
somewhat  rapid  decrease  in  their  numbers. 

For  records  relating  to  the  passage  through  the  bacteria-beds  of 
pathogenic  germs  habitually  or  occasionally  present  in  crude  sewage, 
reference  must  be  made  to  other  sections  of  this  book. 


(B)  The  inoculation  of  the  13 -foot  coke-bed  at  the  Southern  Outfall 
Works  ( Crossness ) with  a special  sewage  microbe. 

Most  observers  who  have  had  any  practical  experience  of  the  so-called 
biological  treatment  of  sewage  are  agreed  as  to  the  necessity  of  treating 
new  bacteria-beds,  until  they  have  become  thoroughly  matured,  with 
small  but  gradually  increasing  doses  of  raw  sewage.  Further,  it  is 
generally  believed  that  a mature  bed  is  one  which  has  become  by  a 
natural  process  of  selection  charged  with  the  special  bacteria  concerned 
in  the  work  of  purification.  By  varying  the  conditions  m a number  of 
wavs,  changes,  favourable  or  the  reverse,  may  readily  be  induced,  l or 
example,  by  overtaxing  the  coke-beds  with  sewage  a change  common  \ 
spoken  of  as  '‘sickening”  may  set  in  when  in  the  effluent  the 


Inoculation  of  a bed  with  a special  sewage  microbe. 
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chemical  results  will  no  longer  be  satisfactory.  In  such  a case, 
it  may  be  conjectured  that  the  wrong  kind  of  bacteria  have 
gained  the  ascendency.  Conversely,  by  greatly  diminishing  the 
amount  of  sewage  to  be  “ treated ,”  a conspicuously  good  effluent 
may  often  be  obtained.  Here  presumably  the  special  bacteria 
are  able  to  multiply  abundantly  and  to  exercise  their  specific 
qualities  to  the  best -advantage.  The  precise  kind  of  bacteria  which  are 
directly  beneficial  as  distinct  from  those  which  act  as  intruders  is  not 
vet  clearly  known,  although  the  broad  fact  that  putrefactive  and  nitrifying 
germs  are  necessax-y  has  long  been  established.  Nor  is  it  properly 
understood  under  what  conditions  the  special  bactei-ia  should  be  placed, 
in  order  to  allow  them  to  exei-cise  their  beneficial  qualities  to  the  best 
advantage.  Bacterial  processes  so  widely  different  as  those  which  aim 
at  encouraging  the  gi-owth  of  aerobic  micro-organisms  and  those  which 
are  esentially  or  largely  anaei-obic  in  chai-acter,  have  been  put  in 
operation  by  different  workers.  And  each  observer  claims  for  his  own 
process  peculiar  advantages.  But  it  will  be  gathered  from  what  has 
been  said  that  probably  all  the  bactei'ial  pi-ocesses  in  practical  operation 
at  the  pi-esent  time  aim  at  allowing  certain  bacteria  or  groups  of 
bacteria  to  gain  the  ascendency  by  a natural  process  of  selection. 

Although  this  is  certainly  a x-ational  method  of  “ treating  ” sewage, 
it  is  conceivable  that  the  future  of  the  biological  ti-eatment  of  sewage 
may  possibly  lie  in  the  direction  of  a real  or  apparent  interference  with 
nature’s  methods.  In  the  absence  of  absolute  knowledge  as  to  the 
exact  conditions  under  which  sewage  should  be  placed,  so  as  either  in 
one  or  a succession  of  stages  to  foster  the  growth  of  the  bacteria  directly 
concerned  in  the  work  of  purification  and  to  inhibit  the  growth  of 
unnecessary  or  harmful  germs,  it  is  possible  that  the  addition  (con- 
tinuously or  intermittently)  of  pure  cultures  in  large  amount  of  selected 
microbes  might  exercise  a beneficial  effect.  The  kinds  of  bacteria 
suited  for  this  purpose  and  the  conditions  under  which  they  should  be 
added  cannot  safely  be  affirmed  in  the  present  state  of  our  knowledge. 
The  experiments,  which  might  occupy  several  stages,  should  be 
conducted  so  as  to  aid  or  co-operate  with  nature  rather  than  with  the 
object  of  interfering  with  or  upsetting  the  natural  order  of  things. 
Further  experiments  might  be  carried  out  in  connection  with 

bacteria-beds  already  for  some  time  in  operation ; or  new  beds 

might  be  sown  with  special  bacteria  previous  and  preparatory  to  the 
application  of  sewage.  It  is  conceivable  that  they  might  be  divided 
into  two  stages— the  first  aerobic  or  semi-anaerobic,  the  bacteria 
used  belonging  to  the  class  of  putrefactive  aex-obes  and  facultative 
anaerobes ; the  second  stage  purely  aerobic,  the  micro-orgdnisms 
involved  in  the  process  being  those  of  nitrification  ; or,  preliminarily  to 
the  above,  and  as  an  initial  stage,  anaerobic  bacteria  might  be  em- 
ployed. Lastly,  the  experiments  might  be  conducted  from  the 

epidemiological  point  of  view  rat  her  than  with  the  sole  object  of  obtaining 
an  effluent  chemically  pure.  For  as  it  is  known  that  certain  micro- 
organisms are  antagonistic  to  others,  the  special  bacteria  selected  might 
be  saprophytes,  the  products  of  whose  growth  act  as  bactericidal  agents 
to  pathogenic  germs. 

Of  course,  it  will  be  argued  that  nature’s  own  methods  are  the  best, 
and  that  any  interference  with  the  natural  course  of  events  is  not  to  be 
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recommended,  and  that  it  would  be  wise  first  to  determine  more 
accurately  the  precise  functions  of  the  different  bacteria  concerned  in 
the  work  of  the  purification  of  sewage  before  proceeding  to  add  special 
bacteria  to  a liquid  or  to  a bacterial  bed  already  harbouring  all  the 
known  microbes  of  putrefaction  and  nitrification. 

Such  contentions  are  certainly  justifiable,  but  it  is  to  be  thought  of 
that  the  path  to  knowledge  does  not  always  lie  along  the  most  direct 
route,  and  accident  has  before  now  revealed  the  truth  where  experi- 
ments conducted  on  apparently  sound  lines  have  entirely  failed. 

Although,  as  regards  the  so-called  biological  treatment  of  sewage, 
the  results  obtained  in  the  past  have  been  most  encouraging,  at  all 
events,  from  the  chemical  point  of  view,  it  is  now  clearly  established 
that  all  the  different  processes  which  have  been  tried,  present  serious 
limitations  which  at  the  present  time  seem  almost  insuperable  in 
character. 

It  is  conceivable  that  both  from  the  practical  and  epidemiological  point 
of  view,  a solution  of  the  problem  of  sewage  disposal  may  lie  in  one  or 
other  of  the  directions  that  has  been  indicated. 

The  stress  of  work  involved  in  the  periodical  examination  of  the  crude 
sewage  and  effluents  from  the  coke-beds  made  it  impossible  to  carry  out 
any  prolonged  research  of  the  above  nature. 

Nevertheless,  one  experiment  was  tried,  and  although  attended  with 
apparently  negative  results,  its  description  will  not  be  out  of  place. 

It  will  be  remembered  that  in  previous  Reports  it  was  shown  that  a 
gas-forming  proteus-like  germ  -which  rapidly  liquefied  gelatine  was 
present  in  London  crude  sewage  in  numbers  usually  exceeding  100,000 
per  c.c.  This  microbe  was  also  found  to  be  present  in  the  effluents 
in  very  large  numbers.  Its  ability  to  form  gas,  its  rapid  peptonising 
action  and  its  abundance  seemed  to  indicate  that  it  was  possibly  a 
microbe  specially  concerned  in  the  -work  of  purification.  Accordingly, 
it  was  determined  to  isolate  a strain  of  this  micro-organism  from  an 
effluent,  to  cultivate  it  on  a large  scale,  and  to  add  it  in  great  amount 
to  the  crude  sewage  during  the  ordinary  process  of  filling  a matured 

coke-bed.  , 

Three  strains  of  “ sewage  proteus  ” * were  isolated  from  to-jito  c,c- 
effluent  from  the  primary  coarse-bed  B at  Barking  (December  6th, 
1899).  They  all  grew  luxuriantly  at  blood-heat,  formed  . gas  in 
twenty-four  hours  in  gelatine  shake  cultures,  liquefied  gelatine  very 
rapidl}’,  and  w7ere  very  motile.  One  proved  virulent  when  injected 
into  a o-uinea-pig;  another  produced  a strong  local  reaction,  but  the 
animal  recovered,  while  the  third  was  apparently  non-pathogemc.  i 
This  last  microbe  was  that  used  for  experiment.  . 

700  cc  of  agar  were  added  to  about  70  tubes  and  sterilised,  lhe 
agar  was  allowed  to  solidify  obliquely  in  the  test  tubes.  The  tubes 
were  next  inoculated  with  the  “ sewage  proteus  ’ and  incubated  at  -0  <--  • . 

The  growth  from  each  of  the  tubes  was  transferred  to  sterile  bouillon 
(l  500  cc),  and  the  mixture  of  bacteria  and  broth  used  to  inoculate  tbe 
crude  sewage  as  it  fiowed  on  to  the  13-foot  coke-bed  at  Crossness. 
This  involved  the  addition  of  billions  of  13.  proteus  to  the  sewage. 


* The  morphological  and  biological  characters  of  “ sewage  proteus  are  described  m ; 
Section  X. 
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The  experiment  was  carried  out  in  the  following  way — 

On  December  19th,  1899,  the  bacterial  mixture  (1,500  c.c.)  was 
added  to  the  crude  sewage  (about  0,000  gallons)  as  it  flowed  on  to  the 
coke-beds,  the  addition  being  made  in  small  quantities  at  a time,  so  as 
to  cover  the  whole  of  the  period  occupied  in  filling  the  bed,  namely, 
about  twenty  minutes. 

The  bed  was  allowed  to  remain  full  for  the  usual  period,  namely,  three 
hours,  and  it  was  emptied  in  the  usual  manner. 

During  the  process  of  emptying,  and  especially  during  the  first  flow 
of  the  effluent,  a number  of  vessels — in  bulk  representing  approximately 
-30  gallons — were  filled  with  the  effluent  and  kept  in  a warm  place. 

When  the  time  arrived  for  re-filling  the  coke-bed,  the  contents  of  the 
vessels  were  added  to  the  sewage  flowing  on  to  the  bed. 

Further,  when,  after  the  usual  period,  the  bed  was  again  emptied,  the 
vessels  were  again  filled  with  the  first  flow  of  the  effluent. 

The  above  series  of  operations  was  carried  out  until  December  22nd, 
i.e.,  the  crude  sewage  (about  6,000  gallons)  as  it  flowed  on  to  the  coke- 
bed  was  first  charged  on  December  1 9th  with  a mixture  of  B.  proteus  and 
broth  (1,500  c.c.)  (the  microbes  being  present  in  number  inconceivably 
great),  and  subsequently  on  six  other  consecutive  occasions  with  the  first 
flow  of  the  effluent  from  the  previous  emptying  of  the  coke-bed. 

Most  unfortunately  at  this  period  circumstances  arose  which  made  it 
impossible  to  test  the  value  of  the  experiment  from  the  biological  point 
of  view.  This  is  greatly  to  be  regretted,  as  it  would  have  been  of  interest 
to  have  known  whether  B.  proteus  was  more  numerous  in  the  effluent  than 
normally,  and,  if  so,  how  long  such  numerical  superiority  was  maintained. 
Further,  whether  its  presence  exercised  any  inhibiting  influence  on  any 
of  the  other  bacteria  usually  found  in  the  crude  sewage  and  effluents. 

Mr.  Biggs,  the  chemist  in  charge  at  the  Southern  Outfall  Works, 
kept  careful  notes  during  the  above  period.  He  was  unable  either 
from  the  chemical  or  practical  point  of  view  to  arrive  at  any  other  con- 
clusion than  that  the  experiment  yielded  quite  negative  results.  That  is 
to  say  the  inoculation  of  the  coke-bed  with  B.  proteus  did  not  produce  any 
appreciable  alteration  in  the  effluent  either  as  regards  its  chemical  com- 
position or  physical  appearance;  nor  was' the  capacity  of  the  coke-bed 
increased..  The  result  may,  nevertheless,  not  have  been  negative  from 
the  bacteriological  point  of  view.  Possibly,  if  the  effluents  had  been 
tested  bacteriologically,  well-defined  changes  extending  over  a longer  or 
shorter  period  might  have  been  observed  in  the  bacterial  composition  of 
the  liquid.  It  is  conceivable  also  that  if  B.  jmoteus  had  been  added  in 
still  greater  amounts  and  for  a longer  period,  totally  different  results 
might  have  been  obtained.  To  upset  the  biological  equilibrium 
of  a mature  coke-bed  of  the  large  capacity  of  the  13-foot  bed  at  Cross- 
ness would  naturally  call  for  the  addition  of  an  enormous  number  of 
micro-organisms. 

In  conclusion,  it  must  be  insisted  upon  that  the  apparently  negative 
character  of  this  single  experiment  in  no  way  disproves  the  advisability 
of  abandoning  research  carried  out  on  the  lines  that  have  been  here 
briefly  indicated.* 


* .S?*  experiments  were  carried  out  in  18!)9.  I am  less  sanguine  now  ( IPOS)  ,,f  ,hu 
possibility  of  success  in  the  above  directions  of  experiment.  But  I give  my  description 
of  the  experiment  in  the  form  in  which  it  originally  appeared.  g 7 P ‘° 
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(C).  The  effect,  as  regards  the  resultant  quality  of  the  effluents  from  the 
baeteria-beds,  of  the  addition  of  certain  chemical  substances  to  the 
crude  sewage  at  the  Northern  Outfall  Works  (Barking). 

It  is  known  that  some  species  of  micro-organisms  act  with  great 
vigour  in  the  presence  of  a large  excess  of  certain  basic  substances. 
For  example,  the  nitrifying  germs  show  increased  bacterial  activity 
■when  grown  in  liquid  media  containing  an  excess  of  magnesium  or 
calcium  carbonate.  It  is  supposed  that  the  solid  grains,  besides  neutralis- 
ing the  products  of  bacterial  activity,  act  as  what  may  be  termed 
“ contact  points,”  enabling  the  bacteria  to  localise  and  concentrate 
themselves  at  a multitude  of  different  spots.  Further,  if  the  liquid  is 
in  motion  the  grains  may  act  as  “ carriers  ” of  the  microbes  and  their 
products  from  one  place  to  another. 

It  is  a matter  of  controversy  among  those  who  have  practical  concern 
with  bacteria-beds  which  is  the  best  material  to  use.  borne  assert  that 
the  actual  chemical  composition  of  the  substance  is  of  no  importance, 
that  it  is  the  physical  qualities  (e.g.,  whether  smooth  or  jagged,  pervious 
or  impervious)  of  the  material  which  is  all-essentiah  Others  believe 
that  certain  substances  are  preferable  to  all  others,  in  virtue  of  theii 
ability  of  exerting  a basic  action  on  the  products  of  bacterial  growth 
and  of  encouraging  the  active  growth  of  special  micro-organisms. 
However  this  may  be,  it  is  of  interest  to  note  that  Mr.  £.  Brooke  1 ike, 
the  chemist  in  charge  at  Barking,  suggested  the  trial  of  ragstone  as  a 
better  material  in  respect  of  its  chemical  composition  than  coke,  t his 
was  agreed  to  by  Dr.  Clowes,  and  accordingly  a trial  was  made  ot  the 
comparative  values  of  ragstone  and  coke  bacteria-beds.  The  outcome  ot 
these  experiments  seemed  to  be  that  the  ragstone  coke-bed  did  encour- 
age the  growth  of  the  nitrifying  germs  (as  evidenced  by  an  increased 
production  of  oxidised  nitrogen),  but  that  the  effluents,  as  regards  the 
removal  of  dissolved  oxidisable  and  putrescible  matter,  were  not  so 
satisfactory  from  the  ragstone  as  from  the  coke-beds.  _ 

Although  it  is  quite  conceivable  that  the  actual  chemical  composition 
of  the  material  in  a bacteria-bed,  quite  apart  from  its  physical 
characters,  may  play  a definite  part  in  influencing  the  biological  pro- 
cesses at  work  in  the  bed.  it  is  evident  that  the  action,  whatever  it  ma 
be.  cannot  be  expected  to  persist  for  an  indefinite  period. 

’With  this  idea  in  view,  I suggested  the  trial  ot  the  artificial  addition, 
in  small  amounts,  of  some  such  substance  as  magnesium  ^ or 
calcium  carbonate  to  the  sewage  as  it  flowed  on  to  the  beds^ wi ith  i the 
obiect  of  enabling  the  added  salt  to  produce  a beneficial  effect  by  its 
diffusion  throughout  the  liquid  in  the  beds  and  also  by  sett  in g on  m 
surface  of  the  fragments  of  coke  and  effecting  a lodgment  there, 
was  hoped  that  not  only  would  the  result  be  immediately  benehcial. 
but  that  the  good  effect  would  be  maintained  for  a considerable > penod 
Xr  the  addition  of  the  substance  had  ceased.  In  short,  that 
it  would  only  be  necessary  occasionally  and  very  rarely  to  resort  to  such 
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100  parts  of  raw  sewage.*  This  was  done  each  time  the  beds  were 
filled,  viz.,  twice  a day  between  Wednesday,  21st  March,  1900,  and 
Wednesday,  March  28th,  1900,  both  days  inclusive. 

The  results  as  regards  oxidised  nitrogen  and  oxygen  absorbed  from 
permanganate  were  as  follows — 

Oxygen  absorbed  from  permanganate  in  four  timers  at  80°  F. 

Parts  per  100,000. 


Effluent  from 

Effluent  from 

Effluent  from 

Effluent  from 

Crude 

primary 

secondary 

primary 

secondary 

sewage. 

coarse  bed ; 

coarse  bed ; 

coarse  bed ; 

fine  bed ; 

series  A. 

series  A. 

series  B. 

series  B. 

Average  of  determinations  made  on  March  7,  8,  9,  10,  12,  13,  14,  16,  19,  20,  1900 


Before  the  addition  of 
magnesium  carbonate 
Purification  


6-740 


3-410 

2-280 

3-420 

1-780 

49-4  per 

66  2 per 

49-3  per 

73-6  per 

cent. 

cent. 

cent. 

cent. 

Average  of  determinations  made  on  March  21,  22,  23,  24,  26,  27,  28,  1900. 


During  the  addition  of 
magnesium  carbonate 
Purification  

Increase  in  purification ... 

7-343 

3-460 

52-9  per 
cent. 

3-5  per  cent. 

2-429 

66‘9  per 
cent. 

0-7  per  cent. 

3-343 

54-6  per 
cent. 

6 2 per  cent. 

1-886 

74‘3  per 
cent. 

0-7  per  cent. 

Nitrogen  as  nitrates. 

Average  of  determinations  made  on  March  7,  8,  9,  10,  12,  13,  14 

15,  16,  17,  19,  20,  1900. 

Before  the  addition  of 

• • • 

•3726 

1-2113 

•3334 

20238 

magnesium  carbonate 

Average  of  determinations  made  on  March  21,  22,  23,  24 

, 26,  27,  28,  1900. 

During  the  addition  of 

• •• 

•4469 

1-1864 

■4439 

2-3935 

magnesium  carbonate 

Increase  in  amount  of 

... 

+ 19  per 

— 2 per  cent. 

+ 33  per 

+ 18  per 

oxidised  nitrogen 

cent. 

cent. 

cent. 

It  will  be  noted  that  none  of  the  beds  showed  an  appreciable 
improvement  as  regards  removal  of  dissolved  oxidisable  matter,  as  the 
result  of  the  magnesium  carbonate  treatment. 

The  figures  as  regards  oxidised  nitrogen  were  more  encouraging. 
Thus,  with  the  exception  of  the  secondary  coarse  bed  (A),  where  there 
was  a decrease  equal  to  2 per  cent.,  all  the  other  effluents  showed  a 
definite  increase  of  nitrates  amounting  to  19,  33,  and  18  per  cent, 
respectively  as  regards  the  effluents  from  the  primary  coarse  bed  (A), 
the  primary  coarse  bed  (B),  and  the  secondary  fine  bed  (B). 

In  a sense,  there  was  a double  gain  as  a result  of  the  treatment,  be- 
cause the  effluents  contained  a slightly  smaller  amount  of  putrescible 
matter  and  also  carried  with  them  into  the  river  a greater  amount  of  an 
oxidising  substance. 

But  while  the  results  are  of  considerable  interest  from  the  scientific 
point  of  view  as  affording  some  confirmation  of  theoretical  considera- 
tions, it  can  hardly  be  said  that  they  are  of  equal  importance  from  t.he 
practical  point  of  view.  They  do  not,  in  short,  indicate  the  advisability 
of  continuing  the  addition  of  magnesium  carbonate  as  a measure  of 
practical  utility. 


This  minimal  quantity  (*001  per  cent.)  was  used  as  a preliminary, 
desirable  to  increase  materially  the  suspended  matters  in  the  sewage. 


as  it  did  not  seem 
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In  the  second  series  of  experiments  Mr.  E.  Brooke  Pike  added,  as 
well  as  magnesium  carbonate,  a like  quantity  (viz.  0 001  per  cent.)  of 
sodium  carbonate. 

Without  entering  into  detail,  it  may  be  said  that  the  results  were  no 
longer  satisfactory,  and  indeed  showed  a general  decrease  in  respect  of 
nitrate  production  and  of  removal  of  dissolved  oxidisable  matter.  I he 
amount  of  sodium  carbonate  added  was  presumably  too  small  to  inhibit 
bacterial  growth,  and  it  is  difficult  to  explain  the  falling  oft  in  the 
results,  unless  it  be  assumed  that  the  sodium  carbonate  actually  in- 
creased the  vital  activity  of  the  micro-organisms  in  general,  but  in 
particular  of  the  de-nitrifying  germs  and  those  specially  concerned  in 
producing  putrefactive  changes. 

In  conclusion,  it  may  be  said  that  further  and  more  prolonged  ex- 
periments seem  desirable  with  magnesium  carbonate  and  calcium 
carbonate,  as  well  as  with  other  substances.  These  might  be  tried  in 
varying  amounts  and  added  continuously  or  intermittently.  lhe 
experiments,  of  course,  which  have  been  described  were  merely  of  a 
tentative  character.  They  may  serve,  however,  to  indicate  a line  o 
inquiry,  which  has  hitherto  been  neglected,  and  is  not  devoid  ot 
scientific  interest  and  possibly  of  practical  importance. 

X Description  of  some  of  the  bacteria  found  in  the  crude 

SEWAGE  AND  IN  THE  EFFLUENTS  FROM  THE  COKE-BEDS. 


1.  B.  coli. 

2.  B.  mesentericus. 

Sewage  Variety  E. 
Sewage  Variety  I. 

3.  Sewage  Proteus. 

4.  B.  frondosus. 

5.  B.  fusiformis. 


6.  B.  subtilissimus. 

7.  B.  subtilis. 

Sewage  Variety  A. 
Sewage  Variety  B.  . 

8.  B.  membranous  patulus 

9.  B.  capillareus. 


1.  B.  coli. 


[An  aerobic  (facultative  anaerobic)  non-cbromogenic  motile  non^ 

^Source. — The  excreta  of  human  ^ngs  and  tCn  ^OO  GOO  ^er  cm  of  sewage. 

W^-SmaT' tdlU^th  rounded  ends,  sometimes  hardly  longer  than  broad, 

Sometimes  only  feebly  motile,  but  many  strains  of  B.  coli 
isolated  from  crude  sewage  are  actively  motile. 

ISS'SvlSiselte  average  « 1 >«  »•  »”< 

coli-like  microbes  are  not  uncommon.  the  ordinary  temperature. 

Temperature.- Grows  best  at  37  C , ^ 24  tQ  4g  hours  at  C.  The 
Gelatine  plate  cultures. f— The  colonies ^d  I lonieg  pecuiiariv  so,  appearing  as 

deep  colonies  are  not  characteristic,  th®  j ircillar  shape,  which  are  bluish-white 
delicate,  slightly  granular  films,  lnsmitted  light  : they  are  transparent,  and 

by  reflected  and  of  an  amber  “lou  ^he  periphery,  but  at  the  centre  and  over  the 
sometimes  iridescent,  especially  towa”“  * 1C1  , P greater  thickness  of  the  bacterial 
entire  surface  in  old  cultures  an  opwrt ^y  due  » * marked  by  concentric,  or 

growth  is  observed  ; latur  ihe  Surroun1ling  gelatine  frequently  acquire,  a dull, 

doudy° faded' ^ppearance^  Tim  gelatine  « not  liqu^.  Hkeasurface  colony  in  a plate 
Gelatine  “ Hah  culture.- The  growth ion  the “g£neBS  of  the  medium.  A 

— *"*”  ** ,hc 

gelatine  plate  culture,  but  is,  perhaps.  ,m®1  margins.  Down  the  centre,  longt- 
granular  film  forms,  with  transparent  and  irregular  margin^ 

+ Fig.  36  ; also  fig.  37. 


Fig.  35. 
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tudinally,  the  growth  is  more  opaque.  Sometimes  the  film  shows  iridescence,  anil  m old 
cultures  it  may  become  irregularly  thickened.  The  gelatine,  which  is  not  liquefied, 
often  becomes  clouded.  The  growth,  which  is  bluish-white  by  reflected  light,  has  a 
yellowish  amber  colour  by  transmitted  light.  . 

Potato-gelatine  plate , “ stab  " and  “ streak  " cultures.— The  growth  is  somewhat  similar 
in  appearance  to  the  above,  but  tends  to  be  more  circumscribed,  is  slower,  and  of  a 

characteristic  brown  colour.  ....  , 

Proskauer  and  Capaldi  media  (I.  and  II.). — Medium  I.  Positive  both  as  regards 
growth  and  acidity.  Medium  II.  Positive  as  regards  growth,  but  no  definite  acidity.  Yet 
it  is  probable  that  varieties  of  B.  cull  exist  which  may  yield  anomalous  results. 

Neutral-red  tinted  media—  Greenish-yellow  fluorescence,  but  some  varieties  of  B.  cult 
fail  in  this  respect. 

Gelatine  ;i shake”  cultures  * — Numerous  gas  bubbles  are  formed,  usually  in  24  hours, 
at  20°  C 

Agar  plate  cultures. — The  growth  is  not  so  characteristic  as  in  gelatine.  The  super- 
ficial colonies  have  a moist  glistening  white  appearance. 

Agar  “ stab"  cultures. — Growth  occurs  all  the  way  down  the  stab,  and  on  the  surface 
a white  layer  is  developed. 

Agar  “ streak  ” cultures. — At  37°  C.  the  growth  is  very  rapid,  and  occurs  as  an  abun- 
dant moist  and  white  layer. 

Potato  cultures. — A rich  yellowish-brown  layer  quickly  developes,  but  some  coli-like 
microbes  give  a transparent  growth. 

Broth  cultures. — The  growth  is  characteristic.  In  less  than  24  hours,  at  37  C.,  the 

broth  is  uniformly  turbid.  Later,  a heavy  bacterial  deposit  collects  at  the  foot  of  the 
tube.  There  is  no  distinct  pellicle  formation,  but  sometimes  an  imperfect  scum  forms  on 
the  surface. 

Litmus  milk  cultures. — The  growth  is  extremely  characteristic.  Usually,  an  acid 
solid  clotting  of  the  milk  takes  place  in  21  to  48  hours  at  37°  C.  Occasionally  the  clotting 
is  somewhat  delayed.  First  of  all,  the  bluish-purple  colour  changes  to  pink  ; then  clotting 
occurs,  and  the  milk,  except  at  the  free  surface,  becomes  white.  Later,  the  redness 
extends  from  the  surface  downwards  until  the  whole  contents  of  the  tube  are  bright  red 
in  colour.  Some  coli-like  microbes,  however,  do  not  clot  milk  and  produce  only  feeble 
acidity.  Others  again  produce  alkali. 

Blood  serum  oultures. — An  abundant  white  layer  is  quickly  developed  at  37°  C.  ; there 
is  no  liquefaction. 

Indol  reaction. — Indol  reaction  is  usually  well  marked  in  broth  cultures  kept  at  37°  C. 
for  five  days.  But  some  coli-like  microbes  yield  a negative  result. 

Reduction  of  nitrates. — In  24  hours,  at  37°  C.,  reduction  of  nitrates  to  nitrites  well 
marked.  [Broth  5 per  cent.,  KN03  0-l  percent.,  water  94'9  per  cent.J 

Agglutination  test. — The  sera  of  patients  suffering  from  enteric  fever  and  of  typhoid 
immunised  animals  commonly  give  a negative  result.  Nevertheless,  some  coli-like 
microbes  yield  a positive  result. 

Glucose  (1  per  cent.'), peptone  (2 per  cent.),  litmus  cultures. — In  24  to  48  hours  at  37°  C., 
gas  formation  and  acid  production. 

Lactose  (1  per  cent.),  peptone  (2  per  cent.),  litmus  cultures. — In  24  to  48  hours  at  37°  C. 
gas  formation  and  acid  production.  Some  coli-like  microbes  yield  negative  results. 

Cane-sugar  (1  per  cent.),  peptone  (2  per  cent.),  litmus  cultures. — The  results  are  variable. 
Some  coli-like  microbes  produce  gas  and  the  medium  presents  a bleached  appearance. 
The  majority,  however,  of  typical  B.  ooli  yield  negative  results. 

Dulcit  (1  per  cent.),  peptone  (2  per  cent.),  litmus  cultures. — The  results  are  variable 
Some  coli-like  microbes  ferment  dulcit,  others  yield  negative  results. 

Litmus-whey  cultures. — In  four  days,  at  37°  C.,  the  majority  of  B.  coli,  produce  acid  in 

N ' 

amount  equivalent  to  over  30  c.c.  j-j  Na2  COs  per  100  c.c.  of  culture  medium. 

Lactose  (1  per  cent.),  peptone  (2  per  cent.),  milk  (20  per  cent.),  sodium  carbonate 
(O' I per  cent.),  litmus  cultures. — The  great  majority  of  B.  coli  produce  gas,  acid  and 
clotting  of  the  medium  in  24  to  48  hours  at  37°  C. 

Remarks. — II.  coli  is  one  of  the  most  abundant  ami  most  characteristic  of  sewage 
bacteria.  In  this  book  it  has  been  shown  that  its  number  may  exceed  100,000  per  c.c. 
of  London  crude  sewage.  It  has  likewise  been  shown  that  B.  coli  survives  the  processes 
at  work  in  the  bacteria-beds  at  the  Outfall  Works.  Apart,  from  its  alleged  function  as 
one  of  nature’s  scavengers,  Jt.  coli  is  of  great  importance  from  the  point  of  view  of 
the  bacterioscopic  examination  of  water. 

It  has  been  asserted  that  It.  coli  is  abundant  everywhere,  that  it  multiplies  outside  the 
animal  body,  that  it  is  present  in  the  intestinal  contents  not  only  of  human  being*  but 
of  the  higher  mammals  and  birds,  and  that,  therefore,  its  value  as  an  indication  of 
pollution  of  water  of  possibly  dangerous  sort  is  nil.  The  fact  remains  that  in  crude 


* Fig.  38. 
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sewage  B.  coli  is  present  in  numbers  exceeding  100,000  per  c.e and  is  a Writ  (or  relatively 
so)  from  waters  free  from  suspicion  of  animal  pollution.  Moreover,  if  B.  coli  multiple  » 
outside  the  animal  body  under  favourable  conditions,  it  also  loses  its  vitality  under  un- 
favourable conditions,  and  we  have  yet  to  learn  that  the  excrement  of  healthy,  much 
of  diseased,  mammals  and  birds  is  altogther  harmless  to  man. 

B.  coli  may  be  pathogenic,  but  can  hardly  be  considered  pathogenic  in  the  ordinary 
sense  of  the  term.  Its  presence  serves  rather  as  an  index  of  the  jx/sdble  presence  of 
other  and  more  objectionable  kinds  of  bacteria. 

It  will  be  noted  that  not  only  the  presence  of  B.  coli  in  the  various  sample-  of  crude 
sewage  and  effluents  has  been  determined,  but  also  that  a record  has  been  kept  of  its 
relative  abundance.  Until  such  records  are  obtained,  not  only  as  regards  B.  coli.  but  as 
regards  many  other  species  of  micro-organisms,  the  usefulness  of  bacteriology  is  restricted. 


2.  Bacillus  Mesentericus. 


Sewage  Variety  E. 

[An  aerobic,  nou-chromogenic,  actively 
motile,  slowly  liquefying  bacillus.] 


Sewage  Variety  I. 

[An  aerobic,  non-chromogenic,  motile, 
rapidly  liquefying  bacillus.] 


Source. 

London  crude  sewage ; gelatine  plate  London  crude  sewage : gelatine  plate 
cultures  heated  to  80°  C.  for  10  minutes.  cultures  heated  to  80c  C.  for  10  minutes. 

Morphology . 

Long  bacilli,  with  rounded  ends:  in  Medium-sized  bacilli,  with  rounded  ends  : 
pairs  and  long  chains.*  solitary, f in  pairs  and  chains. 

Motility. 

Actively  motile.  Exceedingly  rapid  movement. 

Spore  formation. 

Readily  forms  spores.  Readily  forms  spores. 

Flagella. 

A multi-flagellated  organism.]  A multi-flagellated  organism.  § 

Temperature. 

Grows  well  at  the  room  temperature,  Grows  very  rapidly  at  the  room  tempera- 
and  exceedingly  rapidly  at  37°  C.  ture,  and  with  great  rapidity  at  3.  t . 

Gelatine  plate  cultures. 


The  growth  is  not  very  rapid.  The  deep 
colonies  have  a somewhat  starlike  appear- 
ance ; the  superficial  colonies  appear  as 
bluish-white,  delicate,  granular  films,  which 
are  almost  coli-like  in  character.  These 
surface  colonies  arc  somewhat  irregular  in 
shape,  and  from  the  wavy,  transparent  edge 
irregular  processes  are  given  off. 

Under  a lower  power  of  the  microscope, 
the  deep  colonies  show  a central  darkish 
vellow  spot,  from  which  root-like  processes 
are  given  of.  The  surface  colonies  are 
transparent,  granular,  and  striated,  and 
from  the  spreading  edge  delicate  processes 
are  given  off,  which  spread  over  the  surface 
of  the  gelatine,  forming  often  curious  and 
intricate  patterns.  The  colonies  do  not 
attain  a large  size,  and  liquefaction  only 
slowly  sets  in. 


The  growth  is  characteristically  rapid. 
The  deep  colonies  quickly  reach  the  surface, 
to  form  large  areas  of  liquefied  gelatine, 
which  become  saucer-shaped,  and  are  grey- 
ish- white  in  colour  and  almost  translucent. 
From  the  edge  of  these  saucer-shaped  surface 
colonies,  processes  may  be  given  off  which 
are  almost  of  the  nature  of  “ swarming 
islands.”  These  almost  translucent  areas 
of  liquefied  gelatine  are  rendered  greyish- 
white  by  the  presence  of  innumerable 
bacteria,  and  these  bacteria  may  be 
gathered  together  in  clumps  so  as  to  give 
rise  to  a mottled  appearance.  A thin 
bacterial  film  tends  to  form  on  the  surface 
of  the  liquefied  gelatine.  In  a very  few 
days  the  whole  plate  is  completely  liquefied. 

Under  a low  power  of  the  microscope,  the 
deep  colonics  are  dark  in  colour  and  granu- 
lar. The  surface  colonies  at  first  may  be 
almost  completely  translucent  and  of  an 
irregular,  star-shaped  form,  but  soon  lorm 
large  circular  areas  of  liquefied  gelatine, 
in  which  the  extraordinarily  rapid  move- 
ment of  the  individual  bacilli  can  be  clearly 

watched. 


* See  fig.  39. 


§ Sec  fig.  42. 


f See  fig.  41. 


See  fig.  43. 


X See  fig.  40. 


B.  meseniericus. 
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Gelatin e “ stab  ” cultures. 


The  growth  at  the  surface  is  slow,  and 
resembles  the  growth  of  a superficial  colony 
in  gelatine  plate  culture.  Growth  takes 
place  all  the  way  down  the  stab,  accom- 
panied by  slow  liquefaction  ; delicate  tuft- 
like filaments  are  given  off  all  down  the 
line  of  the  inoculation.  These  extend  more 
anti  more  deeply  into  the  solid  gelatine  as 
growth  proceeds.  Gradually  at  the  surface, 
liquefaction  sets  in,  showing  itself  at  first 
merely  by  a slight  central  pitting  of  the 
bacterial  film.  Later,  the  liquefaction 
spreads,  and  the  delicate  details  of  growth 
are  lost. 

Gelatine 


Rapid  liquefaction  takes  place  nearly  if 
not  quite  to  the  foot  of  the  stab  and  in 
funnel  form.*  Very  soon  the  liquefaction 
spreads  to  the  walls  of  the  tube  and 
increases  rapidly  from  above  downwards, 
as  well  as  from  the  stab  in  on  outward 
direction.  The  liquefied  gelatine  has  a 
greyish-white  translucent  appearance,  and 
has  also  a somewhat  fiocculent  appearance 
due  to  aggregation  of  little  masses  of 
bacteria.  Very  soon  the  whole  contents  of 
the  tube  are  completely  liquefied  and  con- 
verted into  a greyish-white  turbid  fluid. 

streak ” cultures. 


A delicate  granular  film  forms  on  the 
surface  of  the  gelatine  which  is  of  some- 
what limited  extent.  Liquefaction  slowly 
sets  in  and  shows  itself  as  a longitudinal 
furrow.  After  some  days,  the  film  changes 
its  appearance  and  shows  numberless  fine 
processes  radiating  outwards  and  upwards 
from  the  central  line.  Tuft-like  processes 
also  extend  into  the  solid  gelatine.  As 
liquefaction  pioceeds,  all  the  delicate  details 
of  growth  becomes  lost. 

Gelatine  “ shake 


The  growth  is  not  characteristic,  as  the 
liquefaction  is  so  rapid  that  the  peptonised 
gelatine  runs  down  the  oblique  surface  to 
the  foot  of  the  tube,  and  in  a few  days  the 
whole  of  the  contents  are  converted  into  a 
turbid  greyish-white  liquid. 


cultures. 


No  gas  bubbles  are  formed  ; the  gelatine  No  gas  bubbles  are  formed  ; the  gelatine 
is  slowly  liquefied.  is  rapidly  liquefied. 


Agar  plat 

In  agar  plate  cultures  at  37°  C.,  the 
growth  is  so  rapid  and  the  colonies  spread 
so  much  laterally,  that  frequently  the 
whole  plate  is  covered  with  a granular  dirty 
yellowish-white  film  in  24  hours.  The 
spreading  edge  is  often  broken  up  into 
processes  of  most  varied  shape,  which  fre- 
quently form  tree-like  patterns. 

Agar  “ stab 

In  24  hours  at  37'  C.,  there  is  growth  all 
down  the  stab,  and  the  surface  of  the 
medium  Is  covered  with  a yellowish-white 
granular  layer,  which  later  may  become 
wrinkled. 


cultures. 

In  agar  plate  cultures  at  37°  C.,  the 
growth  is  so  rapid  that  it  is  difficult  to 
obtain  discrete  colonies.  The  growth  is 
yellowish-white,  granular,  and  often  of  un- 
equal thickness.  The  spreading  edge  has 
less  tendency  to  form  tree-like  patterns 
than  in  the  case  of  B.  mesentericus  E. 

” cultures. 

In  24  hours  at  37°  C.,  there  is  growth  all 
down  the  stab,  and  the  surface  of  the 
medium  is  covered  with  a yellowish-white 
granular  layer,  which  later  may  become 
wrinkled. 


Agar 

In  24  hours  at  37  C.,  a dirty  yellowish- 
white  film  has  nearly  covered  the  whole 
oblique  surface.  The  spreading  edge  may 
extend  as  irregular  processes  forming  leaf- 
like patterns.  Later,  the  film  darkens  in 
colour  and  becomes  wrinkled. 


streak  ” cultures. 

In  24  hours  at  37°  C.,  a dirty  yellowish- 
white  film  has  nearly  covered  the  whole 
oblique  surface.  The  spreading  edge  may 
be  lobed  or  fissured  and  of  unequal  thick- 
ness. The  film  darkens  in  colour  and  be- 
comes wrinkled. 


Potato 

The  growth  is  extremely  characteristic. 
At  37  C.  in  24  hours,  the  whole  surface  of 
the  potato  is  covered  with  a thin  yellowish- 
white  film,  which  lias  a characteristic  folded, 
creased  and  wrinkled  appearance.  There 
is  an  appearance  also  as  of  blisters  : these 
dry  up,  leaving  deeply  wrinkled  skins. 
The  substance  of  the  potato  takes  on  a 
bright  pink  colour.  Later,  the  film  be- 
comes thicker,  more  deeply  pitted  and 
wrinkled,  and  the  colour  becomes  brown. 


rultures. 

The  growth  is  extremely  characteristic. 
In  24  hours  at  37°  C.,  the  whole  surface 
of  the  potato  is  covered  with  a thick 
greyish-white  moist  skin,  which  is  thrown 
into  multiple  folds,  creases  aud  wrinkles.f 
The  colour  rapidly  changes  from  greyish- 
white  to  yellow,  and  then  to  brown.  The 
growth,  if  touched  with  a platinum  needle, 
is  found  lo  be  held  to  the  potato  by  a 
viscous  substance  which  can  be  drawn  out 
into  long  threads. 


See  fig.  44. 


f See  fig.  45. 
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Broth  cultures. 


The  growth  at  37°  C.  is  characteristic 
even  in  24  hours.  A greyish-white  wrinkled 
film  is  formed  at  the  surface,  and  the  liquid 
below  is  almost  clear.  Later  the  film 
thickens  and  becomes  deeply  pitted  and 
wrinkled. 


The  growth  at  37  C.  is  characteristic 
even  in  24  hours.  A greyish-white  wrinkled 
film  is  formed  at  the  surface  and  the  liquid 
below  is  almost  clear.  Later  the  film 
thickens,  and  the  wrinkled  appearance 
becomes  more  marked.  The  film  acquit es  a 
reddish-brown  colour,  and  the  liquid  below, 
which  remains  nearly  transparent,  also 
becomes  a reddish-brown  colour. 


Litmus  milk  cultures. 


In  24  hours  at  37°  C.,  slight  discoloration 
has  taken  place.  In  48  hours,  the  liquid  is 
of  a dirty  yellowish-white  colour,  with  a 
tinge  of  red  ; no  clot.  In  72  hours,  a weak 
clot  has  formed,  and  the  liquid  near  the 
surface  is  semi-transparent.  On  gently 
shaking  the  tube,  a pinkish  tinge  developes. 
In  five  days,  the  clot  lies  at  the  foot  of  the 
tube  as  a dirty  white  mass  ; above  this,  the 
liquid  is  transparent  and  of  a faint  yellow 
colour,  which  on  shaking  changes  to  a pink 
tint. 


In  24  hours  at  37  C.,  the  bluish-purple 
colour  of  the  milk  is  changed  to  a dirty 
yellowish  white ; no  clot.  In  48  hours 
no  clot,  but  the  milk  rapidly  becomes 
transparent.  In  72  hours,  the  whole  of  the 
contents  of  the  tube  are  semi-transparent 
and  of  a dirty  yellowish  colour.  On  gently 
shaking  the  tube,  the  liquid  assumes  a 
crushed  strawberry  colour. 


Blood  serum  cultures. 


At  37°  C.,  and  in  less  than  24  hours, 
nearly  the  whole  of  the  oblique  surface  of 
the  medium  has  become  covered  with  a 
deeply  wrinkled  skin.  Later,  slow  lique- 
faction sets  in,  and  in  about  16  days  the 
blood  serum  is  completely  liquefied. 


At  37°  C.,  decided  liquefaction  takes 
place  in  less  than  24  hours,  and  on  the 
surface  of  the  liquid,  at  the  foot  of  the 
tube,  a wrinkled  skin  is  formed.  Later, 
the  blood  serum  is  completely  liquefied. 


Indol  reaction. 

No  indol  is  formed.  No  indol  is  formed. 

Reduction  of  nitrates  tv  nitrites. 

[Broth  5 per  cent.,  KNOs  0'1  per  cent,,  water  94‘9  per  cent.] 

Great  reduction  of  nitrates  to  nitrites  in  No  reduction  of  nitrates  to  nitrites  in  24 
24  hours  at  37°  C.  hours  at  37°  C. 

Remarks. 

Resembles  very  closely,  if  it  is  not  The  micro-organism  is  constantly  present 
identical  with,  Bacillus  mesentericus  ruler.  in  sewage  in  the  form  of  spores  : 10,  20,  30 

or  more  spores  per  c.c.  of  London  crude 
sewage  may  be  found.  It  is  present  in 
considerable  numbers  in  the  effluents  from 
the  bacteria-beds.  It  resembles  closely 
B.  mesentericus  ruhjatus , B.  mesentericus 
fuscus  and  B.  Under mos,  and  is  perhaps 
most  closely  allied  to,  if  it  is  not  identical 
with,  B.  mesentericus  nil  quins. 


3.  “ Sewage  Proteus.” 

[An  aerobic,  non-chromogcnic,  actively  motile,  rapidly  liquefying  bacillus.] 

Source. — Very  abundant  in  London  crude  sewage;  frequently  as  many  as  iw.'** 

per  c.c.  of  crude  sewage.  , . . • 

Morphology.*— Small  bacilli,  with  rounded  ends ; solitary,  in  pairs,  or  sometimes 

short  chains  ; involution  forms  may  occasionally  be  seen. 

Motility. — Actively  motile. 

Spore  formation. — No  spores  are  formed.  ., . , 

Flagella. f-Each  rod  is  possessed  of  a single  flagellum.  Quite  ^ibly,  hoover  there 
may  be  multi-flagellated  varieties  otherwise  practically  indistinguishable  from  the  one 

here  described.  . _ . Q-  r y,„t  i„t„r 

Temperature. — The  original  culture  grew  lietter  at  20  C.  than  at  8.  C.,  but  late 
investigation  seemed  to  show  that  most  strains  grow  luxuriantly  at  o o<  - i 


Sec  fig.  46. 


f See  fig.  47 
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Gelatine  plate  cultures.*— \n  less  than  24  hours  at  20°  C.,  the  surface  colonies  appear 
as  delicate  granular  films  of  irregular  shape.  In  two  days,  the  colonies  look  like  “ punched 
out  ” circles  containing  liquefied  gelatine,  and  greyish-white  bacterial  deposit.  The  masses 
of  bacteria  lying  in  the  liquefied  gelatine  usually  give  a mottled  appearance  to  the 
colonies.  Viewed  under  a low  power  of  the  microscope,  the  individual  bacilli  can  be 
made  out,  and  their  active  movement  watched  ; the  colonies  appear  darkest  centrally  and 
at  the  circumference,  and  here  and  there  darker  spots  may  be  seen  in  the  liquefied  and 
granular-looking  gelatine.  The  colonies  are  usually  exactly  circular  in  shape  with  well- 
defined  borders,  and  no  “ swarming  islands  ” appear  to  be  given  off,  as  in  proteus  vulgaris. 
By  the  third  or  fourth  day,  the  plate  is  completely  liquefied,  the  gelatine  being  converted 
into  a turbid  greyish- white  liquid.  o 

Gelatine  “ stab"  cultures .f — The  growth  is  very  characteristic. — In  24  hours  at  20  C., 
liquefaction  has  occurred  all  the  way  down  the  path  of  the  needle,  and  minute  bubbles  of 
gas  may  be  watched  rising  through  the  turbid,  greyish-white  liquefied  gelatine  to  the 
surface.  In  48  hours,  the  liquefaction  is  very  much  more  pronounced  ; numerous  bubbles 
of  gas  may  be  seen  at  the  surface,  and  also  bubbles  in  the  solid  gelatine.  The  bacteria 
collect  at  the  foot  of  the  liquefied  portion  as  a greyish-white  deposit.  In  four  or  five  days, 
the  whole  of  the  gelatine  is  converted  into  a greyish-white  liquid.  If  such  a culture  De 
heated  to  80°  C.  for  20  minutes,  the  bacilli  are  killed,  but  if,  after  cooling,  a portion  of  the 
fluid  be  added  to  another  tube  containing  solid  gelatine,  the  gelatine  in  this  second  tube 
becomes  liquefied. 

Gelatine  “ streak " cultures. — The  gelatine  is  liquefied  so  rapidly  that  all  details  of 
growth  are  lost. 

Gelatine  “shake”  cultures.^ — In  24  hours  at  20°  C.,  numerous  gas  bubbles  are  formed, 
and  the  gelatine  is  liquefied  near  the  surface. 

Agar  plate  cultures. — The  growth  is  not  characteristic.  The  colonies  are  more  or  less 
circular  in  shape,  they  are  greyish-white  in  colour  and  have  a somewhat  moist  glistening 
appearance. 

Agar  “ stah  ” cultures. — There  is  growth  all  down  the  stab  ; gas  bubbles  may  form  in 
the  medium  ; on  the  surface  the  growth  is  like  a surface  colony  in  an  agar  plate  culture. 
In  old  cultures,  the  surface  growth  becomes  of  a brownish  colour. 

Agar  “ streak  ” cultures. — The  growth  is  rapid,  but  not  specially  characteristic.  A 
greyish-white  layer  having  a moist  glistening  appearance  is  formed,  which  may  extend 
nearly  to  the  walls  of  the  tube. 

Potato  cultures. — The  growth  is  not  characteristic ; a slimy,  thin,  yellowish-white 
growth  appears  on  the  surface  of  the  potato. 

Broth  cultures. — Abundant  diffuse  cloudy  growth  in  24  hours  at  20  C. 

Litmus  milk  cultures. — The  growth  at  20°  C.  in  litmus  milk  culture  may  be  described 
as  an  acid  change  from  an  opaque  bluish-purple  coloured  liquid  to  a semi-transparent 
reddish -coloured  fluid.  The  redness  is  chiefly  near  the  surface,  but  if  the  tube  be  shaken 
the  whole  of  the  contents  of  the  tube  assume  a crushed  strawberry  tint.  If  clotting 
occurs,  it  is  imperfect  in  character  and  possibly  the  clot  is  dissolved  as  soon  as  it  is 
formed. 

Blood  serum  cultures.— Rapid  growth,  accompanied  by  liquefaction. 

Indol  reaction. — Usually  no  indol  is  formed  in  broth  cultures,  but  in  one  such  culture, 
kept  for  twelve  days,  a feeble  indol  reaction  was  observed. 

Reduction  of  nitrates. — Rapid  reduction  of  nitrates  to  nitrites  in  24  hours  at  20°  C. 
[Broth  5 per  cent.,  KNO,  0‘1  per  cent.,  water  94-9  per  cent.] 

Ilrmarks. — This  organism  differs  from  Proteus  vulgaris , and  has  little  or  no  resemblance 
either  to  Proteus  mirahilis  or  to  Proteus  zenkeri.  It  differs  from  Proteus  vulgaris  in 
many  respects,  for  example  sewage  proteus  has  but  one  flagellum,  whereas  Proteus 
vulgaris  is  generally  stated  to  be  multi-flagellated  ; sewage  proteus  lias  smaller  and 
shorter  rods  than  Proteus  vulgaris  ; savage  proteus,  unlike  Proteus  vulgaris,  shows  no 
“swarming  islands.”  This  organism  has  been  called  sewage  proteus  owing  to  its  pre- 
valence in  crude  sewage,  and  because  of  its  superficial  resemblance  to  Proteus  vulgaris, 
and  to  other  members  of  the  proteus  group.  It  is  not  unlikely  that  this  micro-organism 
is  frequently  mistaken  for  the  true  Proteus  vulgaris.  It  also  differs  in  a number  of 
important  respects  from  Bacillus  proteus  urlnac,  an  organism  isolated  from  the  urine  of 
a patient  suffering  from  cystitis  by  Dr.  Horton  Smith,  and  carefully  described  by  him  in 
the  Journal  of  Pathology  and  Bacteriology,  December,  1899. 

It  must  not,  however,  be  supjwwed  that  Proteus  vulgaris  is  not  present  in  London  crude 
sewage,  but  that  its  number  is  not  as  great  as  seems  to  be  generally  supposed.  In 
figure  10.  a micro-photograph  is  shown  of  the  true  proteus,  which  was  isolated  from  a 
sample  of  Crossness  raw  sewage.  The  preparation  was  obtained  by  making  a surface 
gelatine  plate  culture  of  this  micro-organism,  and  then  making  “impressions”  from 
the  " swarming  islands"  produced  by  its  growth  on  the  surface  of  the  gelatine  in  20  hours 
at  20  C. 


* See  fig.  48. 


f See  fig.  49  (A)  (c). 


t Fig-  49  («)• 
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A culture  of  “ sewage  proteus”  proved  to  be  very  virulent.  Thus,  1 c.c.  of  a2t-lio'.r- 
hroth  culture  was  injected  subcutaneously  into  a guinea-pig.  The  animal  wan  found  dead 
on  the  second  day,  but  had  probably  died  on  the  preceding  day.  The  organism  was 
recovered  from  the  heart’s  blood  in  pure  culture.  [Subsequent  work  yield'd  in  some 
measure  anomalous  results.  Thus,  as  freshly  isolated  from  sewage,  ‘‘sewage  prate**  ’ 
sometimes  grew  well  at  37“  C.,  and  sometimes  in  an  imperfect  manner.  Moreover,  t oe 
cultures  were  in  some  cases  virulent  and  in  others  not.] 

4.  Bacillus  Frondosus. 

[An  aerobic,  non-chromogenic,  motile,  slowly  liquefying  bacillus.] 

Source. — London  crude  sewage  ; gelatine  plate  cultures  heated  to  80  C.  for  10  minutes. 

Morphology. — Large  bacilli,  with  rounded  ends;  solitary,  in  pairs,  and  in  chain-  of 
varying  length. 

Motility. — Motile. 

Spore  formation* — Forms  spores  readily  at  the  room  temperature. 

Temperature. — No  growth  at  37°  C.  Grows  fairly  rapidly  at  the  room  temperature. 

Gelatine  plate  cultures f. — The  surface  colonies  appear  as  white,  coarsely  granular 
films  of  irregular  shape,  which  send  out  curious  processes  of  varied  form.  Theie 
grotesquely-shaped  processes  resemble  bits  of  seaweed  flattened  out.  Liquefaction  Kl- 
in very  slowly  and  shows  itself  by  a slight  pitting  near  the  centre  of  each  colony. 
The  deep  colonies  are  not  characteristic.  Under  a low  power  of  the  microscope  the 
superficial  colonies  have  a granular  and  laminated  appearance,  and  show  at  the  spreading 
edge  processes  which  are  of  the  most  varied  shapes,  and  which  often  form  pattern-  of 
great  delicacy  and  beauty. 

Gelatine  “ stab  ” cultures. — The  growth  at  the  surface  is  like  a superficial  colony  in 
gelatine  plate  culture.  The  growth  down  the  stab  is  not  characteristic.  Liquefaction 
slowly  sets  in  at  the  surface,  and  eventually  all  the  delicate  details  of  growth  are  lost. 

Gelatine  “ streak  ” cultures. — The  growth  is  like  an  elongated  surface  colony  in  plate 
culture.  Briefly,  a white,  coarsely  granular  film  forms  on  the  sloping  surface  of  the 
medium  which  at  its  periphery  shoots  out  processes  of  very  irregular  shape.  Liquefaction 
first  shows  itself  as  a longitudinal  and  central  pitting  of  the  bacterial  film. 

Gelatine  “ shake  ” cultures. — No  bubbles  of  gas  are  formed. 

Agar  plate  cultures. — The  colonies  are  white  in  colour;  they  do  not  grow  in  the  same 
characteristic  way  as  the  colonies  in  gelatine  plate  culture. 

Agar  “ stab"  cultures. — Growth  occurs  all  the  way  down  the  stab,  and  at  the  surface  a 
greyish  white-layer  is  formed  of  irregular  shape  which  resembles  somewhat  a surface 
colony  in  gelatine  plate  culture. 

Agar  “ streak"  cultures. — The  growth  extends  over  the  surface  of  the  medium  as  a 
greyish-white  film.  The  growth  at  the  periphery  in  some  measure  simulates  the  corre- 
sponding growth  on  gelatine. 

Potato  cultures. — The  growth  is  not  specially  characteristic  as  it  is  of  a transparent 
colourless  character. 

Broth  cultures. — Grows  slowly  ; a white  bacterial  deposit  collects  at  the  foot  of  the 
tube,  leaving  the  liquid  above  fairly  clear. 

Litmus  milk  cultures  —In  milk  at  20°  C.  No  change  is  visible  in  three  days.  Later 
the  milk  turns  slightly  acid,  no  clotting  is  visible  even  after  one  month. 

Blond  serum  cultures. — At  20°  C.  a greyish-white,  somewhat  granular  and  film-like 
growth  develops  in  a few  days.  The  edge  is  irregular.  Apparently,  no  liquefaction  take? 
place.  . . „ _ 

Indol  reaction. — No  indol  is  formed  in  broth  cultures,  after  6 days  incubation  at  t • 

Reduction  of  nitrates  to  nit  rites.— So  reduction  takes  place  in  4 days  at  20“  C.  _ Broth 
5 per  cent.,  K N Os  0-1  per  cent.,  water  94-9  per  cent.]  , 

Remarks. — This  micro-organism  has  been  compared  with  the  descriptions  of  all  the 
aerobic,  motile,  non-chromogenic,  liquefying  bacteria,  and  it  resembles  uoue  of  them 
sufficiently  closely  to  suggest  identity.  It  has  been  called  B.  frondosus  because  the 
spreading  edge  of  the  colonies  sometimes  has  a leafy  appearance. 

5.  Bacillus  Fusifonnis. 

[An  aerobic,  non-chromogenic,  motile,  non-liquefying  bacillus.] 

Source. — London  crude  sewage  ; gelatine  plate  cultures  heated  to  80c  C.  for  10  minutes. 

Morphology.— Large  bacilli,  with  rounded  ends  ; solitary,  in  pairs,  aud  in  chains. 

Motility. — Motile.  , , . 

Spore  formation.% — Forms  spores  at  the  room  temperature.  These  are  large,  and  give 

a spindle-shaped  appearance  to  the  cells. 

Temperature—  No  growth  at  37“  C.  Grows  slowly  at  the  room  temperature. 


See  fig.  50. 


j-  See  fig.  51. 


I See  fig.  52. 


]J.  f randoms ; B.  fusiformis ; B.  suhtilissimus. 
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Gelatine  plate-  cultures.— The  growth  ia  very  slow.  The  surface  colonies  are  circular, 
of  an  opaque  porcelain-white,  glistening  appearance.  The  periphery  is  slightly  trails- 
parent.  By  transmitted  light,  the  colonies  are  yellowish  in  colour.  In  old  cultures,  the 
white  colour  takes  on  a yellowish  tint.  The  deep  colonies  are  not  characteristic. 
Microscopically,  under  a low  power,  no  delicate  details  of  growth  can  be  made  out.  N o 
liquefaction  of  the  gelatine  takes  place. 

Gelatine  “stab"  cultures.  —Tardy  growth,  no  liquefaction  of  the  gelatine.  A white 
growth  appears  along  the  line  of  the  stab,  and  on  the  surface  a scant)'  yellowish-white 
layer  very  slowly  develops. 

Gelatine  “ streak ” cultures.— A glistening  porcelain-white  layer  is  slowly  formed, 
which  is  opaque,  except  at  the  margins,  which  are  slightly  transparent.  By  transmitted 
light  and  by  reflected  light  in  old  cultures,  a slight  yellowish  tint  may  be  seen.  The 
growth  does  not  extend  far  from  the  actual  line  of  inoculation.  No  liquefaction  occurs. 

Gelatine  “shake"  cultures. — No  gas  bubbles  are  formed. 

Agar  plate  cultures.—  The  colonies  are  white  and  more  or  less  circular  in  shape  ; the 
growth  is  not  characteristic. 

Agar  “stab"  cultures. — The  growth  is  slow  and  imperfect.  A whitish  line  appears 
along  the  line  of  the  stab,  and  on  the  surface  a thin  white  layer  slowly  develops. 

Agar  “ streak  ” cultures. — A thin  whitish  layer  is  slowly  formed  ; the  growth  is  not 
characteristic. 

Potato  cultures. — A porcelain-white  growth  slowly  develops  ; afterwards,  the  colour 
becomes  dirty  yellowish- white  and  the  bacterial  layer  becomes  unequally  thickened. 

Broth  culture'. — The  growth  is  very  scanty  and  not  characteristic. 

Litmus  milk  cultures — No  clotting  occurs,  and  the  change  in  the  medium  is  hardly 
visible,  even  after  16  days.  Apparently,  a feeble  acidity  of  the  milk  results. 

Blood  serum  cultures. — Little  or  no  growth  on  the  surface,  even  after  the  lapse  of 
some  time  ; some  growth,  however,  takes  place  in  the  fluid  at  the  foot  of  the  tube. 

Indol  reaction. — No  indol  is  formed  in  broth  cultures. 

Reduction  of  nitrates  to  nitrites. — Negative  after  12  days  at  20°  C.  [Broth  6 per  cent., 
KNO,  0'1  per  cent.,  water  9 4 '9  per  cent.] 

Remarks. — This  micro-organism  has  a somewhat  negative  character  of  growth  in  all 
the  nutrient  media  ordinarily  in  use.  It  has  been  called  B.  fusiformis  owing  to  the 
spores  being  spindle-shaped.  So  far  as  could  be  ascertained,  it  belongs  to  a new  species. 

6.  Bacillus  Subtilissimits. 

[An  aerobic,  non-chromogenic,  non -motile,  non-liquefying  bacillus  ( ? micrococcus).] 

Source. — Crud«  sewage. 

Morphology* — In  most  cultures  it  appears  as  a largo  micrococcus,  but  if  “impression  ” 
preparations  be  made  from  surface  colonies  in  a gelatine  plate,  and  examined  micro- 
scopically it  will  be  seen  that  at  the  spreading  edge  the  elements  are  distinctly  longer 
than  broad,  nearer  the  centre  they  are  oval  and  frequently  united  in  pairs,  and  at  or 
about  the  centre  they  are  perfectly  spherical. 

Motility. — No  motility  has  been  observed  even  in  recent  broth  cultures. 

Spore  formation. — None. 

Temperature. — Does  not  grow  at  37°  C.,  but  grows  with  extreme  rapidity  at  20°  C. 

Gelatine  plate  cultures. — The  deep  colonies  are  not  characteristic,  either  on  naked  eye 
examination  when  viewed  with  a hand-lens,  or  when  examined  under  a low  power  of  the 
microscope.  The  surface  colonies  are  peculiarly  characteristic,  and  grow  so  rapidly  and 
extend  so  widely,  that  a single  colony  may  cover  nearly  a whole  plate  in  two  days.  The 
growth  is  film-like  in  character  and  extremely  thin  and  transparent.  It  is  dull  grey  in 
colour  and  very  faintly  granular.  When  viewed  under  a low  power  of  the  microscope, 
the  appearance  is  not  unlike  B.  coli,  but  the  details  of  the  growth  are  so  much  more 
delicate  that  it  is  difficult  to  preceive  the  slight  granulation,  faint  creasing  and  delicate 
veining  of  the  bacterial  film.  The  surface  colonies  are  usually  of  a more  or  less  circular 
shape,  but  the  spreading  edge  is  nearly  always  markedly  irregular. 

Gelatine  “ streak  ” cultures. f — The  growth  is  like  an  elongated  surface  colony.  In  less 
than  24  hours  a delicate  film  has  spread  nearly  to  the  walls  of  the  tube.  The  spreading 
edge  is  very  irregular,  and  in  older  cultures  may  present  a terraced  appearance. 

Gelatine  “ shake  cultures. — No  gas  bubbles  arc  formed  in  the  gelatine. 

Agar  “streak  " cultures. — A white  film  is  formed  on  the  surface  having  a markedly 
irregular  edge.  The  lateral  expansion  is  less  than  in  the  case  of  gelatine  cultures. 

Broth  cultures. — Uniform  turbidity  occurs  in  24  hours  at  20  C.,  and  a very  faint  scum 
forms  on  the  surface.  No  motility  could  be  made  out. 

Blood  serum. — A thin  film  forms  of  a faint  yellowish-white  colour.  No  liquefaction 
occurs. 


.See  fig.  63 


t Fig.  64. 
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Litmux  milk  culture x. — No  visible  change  in  48  hours  at  20  C.  Later  the  purpie 
colour  of  the  milk  changes  to  a reddish  purple,  and  later  still  to  a buff  colour.  On 
shaking  the  tube  gently,  the  liquid  does  not  assume  a red  tint.  There  if  no  clotting 
produced  and  no  transparency  of  the  medium  occurs  even  in  old  cultures. 

Indol. — No  indol  is  formed  even  after  20  days  at  20'  C. 

Remarks. — This  microbe  has  been  called  Ji.  subtil issimux  on  account  of  the  thin  almo-i 
gauze-like  character  of  the  surface  colonies  in  gelatine  plate  culture.  No  micro-organism 
hitherto  described  appears  to  correspond  with  the  above.  It  must  not  be  confused  with 
Ji.  xubtilis  to  which  microbe  it  bears  no  resemblance. 


7.  Bacillus  Subtilis. 

Sewage  Variety  A.  Sewage  Variety,  B. 

[An  aerobic,  non-chromogenic,  rapidly  [An  aerobic  non-chromogenic,  rapidly 
liquefying,  spore  forming,  motile  bacillus.]  liquefying,  spore-forming,  motile  bacillu*.] 

Source. 

Crude  sewage  and  effluents  from  coke-beds.  Crude  sewage  and  effluents  from  coke-bed- . 

Opt  i mum  temper  at  u re. 

Grows  luxuriantly  at  37°  C.,  also  at.  the  Little  or  no  growth  at  37'  C.,  grows 
room  temperature.  luxuriantly  at  20°  C. 

Morphology. 

Large  and  long  bacilli  with  rounded  ends,  Large  and  long  bacilli  with  rounded  ends, 
frequently  associated  in  long  chains.  frequently  associated  in  long  chains. 

Spore  formation. 

Forms  spores  readily.  Forms  spores  readily. 

Motility. 

Waddling  sluggish  movement.  Waddling  sluggish  movement. 


Forms  in  two  days  at  20°  C.  circular 
greyish-white  areas  of  liquid  gelatine  which 
rapidly  increase  in  diameter.  The  white 
masses  of  bacteria  lying  in  the  liquefied 
gelatine  may  present  a mottled  appearance, 
or  may  be  arranged  in  stellate  fashion. 
Linder  a low  power  of  the  microscope  (about 
80  diam.),  the  individual  bacilli  can  be 
clearly  seen  in  the  more  liquid  portion,  and 
their  movements  watched.  At  the  edge  of 
the  colonies,  the  bacilli  bore  side  by  side 
into  the  non-liquefied  gelatine  in  a highly 
characteristic  way.* 


Gelatine  plate  cultures 


Rapidly  forms  greyish-white  circles  "f 
liquefied  gelatine.  The  masses  of  bacteria 
lying  in  the  liquefied  gelatine  may  present  a 
rosette  or  star-shaped  or  radiating  appear- 
ance. Under  a low  power  of  the  micro- 
scope (about  80  diam.),  the  movement  of 
the  individual  bacilli  can  be  clearly  seen. 
The  parallel  arrangement  of  the  bacilli  at 
the  periphery  of  the  colonies  is  absent,  or 
not  so  well  marked  as  in  the  case  of  variety 
A.  A skin  forms  on  the  surface  of  the 
liquefied  gelatine.  The  growth  is  not  so 
rapid  as  in  the  case  of  variety  A.  Some- 
times the  colonies  are  not  exactly  circular 
in  shape. 


In  two  days,  at  37°  C.,  an  abundant 
creamy  white  layer,  covering  nearly  the 
whole  surface,  which  on  close  inspection 
shows  numerous  minute  circular  areas 
where  the  growth,  instead  of  being  opaque, 
is  semi-transparent. 


Agar  “ streak  ” cultures. 


In  20  hours,  at  20“  C.,  a greyish-white 
layer,  not  specially  characteristic.  In 
48  hours,  growth  somewhat  dry  and  granu- 
lar-looking. In  four  days,  curious  wrinkled 
appearances.  Ridges,  formed  by  the  un- 
equal rate  of  growth,  or  by  the  contraction 
of  the  bacterial  skin,  stand  out  from  the 
surface  of  the  medium  about  one-sixteenth 
of  an  inch,  and  usually  are  arranged  in 
more  or  less  transverse  folds.f 


Gelatine  “ stab  ” cultures. 


In  2 days,  at  20c  C.,  liquefaction  has 
occurred  right  down  to  the  foot  of  the  stab. 
White  flocculent  masses  of  bacteria  sink 
through  the  liquefied  and  grey-coloured 
gelatine  to  the  foot  of  the  stab.  The 
liquefaction  extends  rapidly  from  the  line 
of  inoculation  outwards,  as  well  as  from 
the  surface  downwards.  A scum  forms  on 
the  surface,  but  no  distinct  skin  is  formed. I 


Rapid  liquefaction  all  the  way  down  the 
stab,  but  as  the  growth  proceeds  the  lique- 
faction spreads  in  cylindrical  fashion  from 
above  downwards  rather  than  from  within 
outwards  from  the  region  of  the  line  of 
inoculation.  A distinct  skin  forms  on  the 
surface,  which  eventually  sinks  in  the 
liquefied  gelatine.^ 


* Fig.  57,  IL 


f Fig.  66. 


t Fig.  57,  A. 


§ Fig.  55. 


B.  subtilis ; B.  membranous  palulus 
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Liquefaction. 

Rapidly  liquefies  gelatine  and  blood  Liquefies  gelatine  and  blood  serum  fairly 
serum.  rapidly. 

Gas  formation. 

Forms  no  gas  in  gelatine  “ shake  ” Forms  no  gas  in  gelatine  “ shake  ” 
cultures.  cultures. 

Broth  cultures. 

Diffuse  cloudiness  in  24  hours  at  37°  C.  Diffuse  cloudiness  : a skin  forms  on  the 
A scum  forms  on  the  surface  which  readily  surface  which  is  brittle  and  sinks  on 
falls  to  the  foot  of  the  tube  on  shaking.  shaking  the  tube. 

Indol. 

Forms  no  indol.  Forms  no  indol. 


Litmus  milk  cultures. 


In  2 days,  at  37°  C.,  there  is  complete 
discoloration  and  a clot  has  formed  ; no 
redness  is  visible.  In  5 days  a white  clot 
occupies  about  one-third  of  the  bulk  of 
medium,  which  appears  to  be  slowly  pep- 
tonised.  The  liquid  surrounding  the  clot  is 
pale  yellow  in  colour,  and  semi-transparent 
without  pink  coloration. 


The  purple-blue  colour  of  the  litmus 
milk  gradually  fades,  but  no  clotting  or 
redness  occurs.  In  8 days,  the  milk  is 
almost  transparent  and  of  a pale  dirty 
yellow  colour  ; on  shaking  the  tube,  the 
liquid  assumes  a faint  pink  tinge.  By  the 
21st  day,  the  milk  has  changed  to  a semi- 
transparent dirty  yellow  liquid  ; on  shaking 
the  tube,  the  contents  assume  a reddish  tint. 


Potato  cultures. 

In  2 days,  at  37°  C.,  a dirty-white  layer  A white,  rather  dry-looking  coat  is 
is  formed  with  a yellowish  tint.  formed.  Later  portions  of  the  growth  be- 

come upraised,  and  sometimes  present  a 
worm-like  appearance. 


Blootl  serum  cultures. 

In  24  hours,  at  37°  C.,  a white  layer  In  20  hours,  at  20°  C.,  a thin  whitish 
develops,  accompanied  with  liquefaction  layer  is  formed.  In  48  hours  commencing 

of  the  medium.  liquefaction  and  markedly  wrinkled  skin. 

Remarks. — Several  varieties  of  B.  subtilis  occur  in  sewage.  For  the  purpose  of 
description,  I have  named  these  two  Sewage  variety  A,  and  sewage  variety  B.  The 
fact,  however,  of  the  latter  organism  not  growing  at  37°  C.  makes  it  doubtful  whether  it 
should  be  considered  a variety  of  B.  subtilis. 


8.  Bacillus  Membraneus  Patulus. 

[An  aerobic,  non-chromogenic,  slowly  liquefying,  spore-forming  (?),  non-motile  bacillus.] 

Source. — Crude  sewage  and  effluent  from  coke-beds. 

Optimum  temperature. — Grows  well  at  37°  C.,  and  at  the  room  temperature. 

Morphology. — A very  large  bacillus  which  forms  long  chains.* 

Spore  formation. — Old  cultures  of  the  microbe  resist  heating  to  80°  C.  for  ten  minutes  ; 
and  the  microbe  has  been  found  in  cultures  made  from  sewage  which  had  previously  been 
heated  to  80'  C.  for  ten  minutes.  A satisfactory  double-stained  preparation,  however, 
has  not  been  obtained. 

Motility. — No  motility  could  be  made  out,  even  in  a 20  hours’  broth  culture. 

Gelat  ine  plates. — The  surface  colonies  appear  as  coarsely  granular  greyish-white  films 
of  somewhat  irregular  shape.  From  the  spreading  edge  of  the  colonies,  processes  extend 
in  a tortuous  fashion  over  the  surface  of  the  medium,  often  forming  patterns  of  great 
delicacy  and  beauty.  Beneath  the  surface  film-like  growth,  slow  liquefaction  of  the 
gelatine  occurs.  The  growth  is  rapid.  Under  a low  power  of  the  microscope  the  colonies 
present  a characteristic  granular  and  striated  appearance  .f 

Oblique  gelatine  cultures. — In  less  than  two  days,  at  20°  C.,  there  is  formed  on  the 
surface  of  the  gelatine  a coarsely  granular  film  which  spreads  rather  rapidly  and  may 
extend  nearly  to  the  walls  of  the  tube.  From  the  spreading  edge,  processes  are  given  off 
which  wind  over  the  surface  of  the  gelatine  in  a characteristic  manner.  Soon  a 
longitudinal  pitting  of  the  bacterial  film  alone  the  line  of  inoculation  is  observed,  and 
later  on,  as  liquefaction  proceeds,  the  growth  slips  down  to  the  foot  of  the  tube,  and  all 
delicate  details  are  lost.  The  growth  is  like  an  elongated  surface  colony  in  gelatine 
plate  culture  J 


* Fig.  58. 


t Fig-  Cl,  F. 


t Fig.  59  and  fig.  (51,  E 
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Oblique  agar  culture*. — In  one  night,  at  37  C.,  the  growth  appears  a-  a coarsely 
granular,  semi-transparent,  greyish-white  (ilrn.  By  the  second  day,  the  growth  ia  lea- 
transparent  ami  less  granular-looking.  In  old  cultures,  the  surface  assumes  a tnberculated 
appearance. 

Gelatine  “stab"  culture* .* — The  growth  varies,  as  ho  me  times  there  is  liquefaction 
down  the  line  of  the  stab  with  tuft-like  processes  extending  into  the  solid  medium,  and 
at  other  times,  there  is  almost  no  liquefaction  along  the  line  of  inoculation,  and  the  pro- 
cesses extend  nearly  to  the  walls  of  the  tube,  giving  rise  to  an  appearance  of  great 
beauty.  The  growth  on  the  surface  is  like  the  growth  of  a surface  colony  in  gelatine- 
plate  culture. 

Liquefaction. — Liquefies  gelatine,  but  not  rapidly.  Produces  only  very  slight  lique- 
faction of  blood  serum  even  in  cultures  kept  at  37°  C.  for  16  days. 

Gas  formation. — Forms  no  gas  in  gelatine  “shake”  cultivations. 

Broth  cultures. — Grows  very  rapidly  at  37°  C.  The  cloudiness  throughout  the  medium 
is  fiocculent  rather  than  diffuse.  An  abundant  white  bacterial  deposit  collects  at  the 
foot  of  the  tube.  On  the  surface,  a skin  is  formed,  which  sinks  on  shaking  the  tube,  but 
is  re-formed  in  one  night. 

Indol formation. — Forms  no  indol  in  broth  cultures. 

Litmus  milk  culture/.— In  24  hours,  at  37°  C.,  the  milk  has  become  slightly  discoloured  : 
later,  a weak  gelatinous  clot  is  formed,  and  the  medium  turns  faintly  acid. 

Potato  cultures. — Toe  growth  is  not  characteristic ; a dirty,  faint  yellowish-grey 
coloured  growth  in  24  hours  at  37  C. 

Blood  scrum  cultures. — A granular  greyish-white  film  is  formed.  Only  very  slight 
liquefaction  occurs,  even  in  old  cultures. 

Reduction  of  nitrates. — Great  reduction  of  nitrates  to  nitrites  in  one  night  at  37'  C. 
(Bouillon  6 per  cent.,  K N 03  0-1  per  cent.,  water  94-9  per  cent.). 

Remarks. — This  organism  does  not  appear  to  resemble  at  all  closely  the  descriptions  of 
any  of  the  bacteria  found  in  sewage  and  elsewhere.  On  account  of  its  spreading,  film- 
like character  of  growth,  it  has  been  termed  B.  membraneus  patulus. 


[An  aerobic,  non-cliromogenic,  rapidly  liquefying,  spore-forming  (?),  motile  bacillus.] 

Source.— Crude  sewage  and  effluents  from  coke  beds. 

Optimum  temperature. — Grows  luxuriantly  at  37°  C.,  also  at  room  temperature. 

Morphology  f — A large  bacillus,  forming  long  chains. 

Spore  formation. — Old  cultures  resist  heating  to  80°  C.,  and  this  microbe  commonly 
occurs  in  cultivations  made  from  sewage  which  have  previously  been  heated  to  80°  C.  for 
10  minutes.  A satisfactory  doubled-stained  preparation,  however,  has  not  been  obtained. 

Motility.— This  organism  is  motile. 

Gelatine  plate  cultures.%  —The  colonies  in  depth  have  a characteristic  fluffy  appear- 
ance. They  rapidly  increase  in  size,  and  reaching  the  surface  quickly  liquefy  the  gelatine. 
The  growth  is  filamentous  in  depth  ; and  on  the  surface  from  the  spreading  edge  of  the 
colonies,  delicate  film-like  processes  are  given  off,  which  extend  over  the  surface  of  the 
medium’ to  form  irregular  patterns.  Later,  the  finer  details  of  growth  are  lost,  owing  to 
the  rapid  liquefaction  of  the  gelatine,  the  colonies  eventually  appearing  as  large,  more  or 
less  circular,  areas  of  liquefied  gelatine  with  greyish  white  contents. 

Aqar  “ streak  ” cultures. — In  24  hours  an  opaque  white  growth  of  limited  extent 
appears,  which  along  the  spreading  edge  is  slightly  transparent  and  granular-looking. 
Later  the  growth  may  extend  laterally  to  cover  a wide  extent  of  surface. 

Gelatine  “ streak  ” cultures. — A longitudinal  furrow  appears  due  to  the  liquefaction  of 
the  gelatine  but  from  the  edge  of  the"  furrow  delicate  processes  may  be  seen  extending 
in  irregular  fashion  over  the  surface  of  the  solid  gelatine.  The  furrow  is  nearly  clear  as 
the  bacteria  slip  down  the  sloping  surface  with  the  liquid  gelatine,  and  collect  at  the  toot 
of  the  tube.  Soon  all  details  of  growth  are  lost,  owing  to  the  progressive  liquefaction  of 

cultures  — Lia uefaction  takes  place  in  funnel  form,  and  extends  down 


9.  Bacillus  Capillar  eus. 


clear. 


* Fig.  60. 


t Fig.  62. 


Conclusions 
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Indol. — No  indol  is  formed  in  broth  cultures. 

Litmus  milk  cultures. — No  decided  change,  even  after  72  hours’  incubation  at  37°  C. 
In  five  days  weak  gelatinous  clot,  but  no  apparent  acidity. 

Potato  cultures—  by  the  second  day  at  37°  C.,  a fairly  abundant  creamy  coating  has 
formed  on  the  surface  of  the  medium,  and  later  this  coating  becomes  of  a dirty-brown 
colour. 

Blood  serum  cultures.— By  the  second  day,  at  37°  C.,  a white-coloured  growth,  having 
no  special  characters.  Liquefaction  slowly  sets  in,  and  by  the  Kith  day  is  practically 
complete. 

Reduction  of  nitrates. — Reduces  nitrates  to  nitrites. 

Remarks.— This  microbe  has  been  called  B.  capillar eus  because  of  the  hair-like 
character  of  its  growth  in  gelatine  plate  cultures.  It  resembles  in  some  respects  B. 
mycoides,  B.  subtil  is  and  B.  mesentericus , but  not  sufficiently  to  suggest  a similarity  of 
species. 


XI.  Conclusions. 

Before  giving  conclusions,  from  the  biological  point  of  view,  as  to  the 
value  of  the  bacterial  process  in  use  at  Barking  and  Crossness  for 
treating  London  crude  sewage,  it  is  essential  to  first  make  some  remarks 
of  a general  and  introductory  character ; otherwise,  a totally  erroneous 
impression  might  be  formed,  and  it  might  even  be  considered  that  the 
deductions  arrived  at  after  two  years’  close  study  of  the  subject  were  of 
such  a nature  as  to  condemn  the  process.  Thus,  if  no  note  were  taken 
of  the  chemical  results  and  the  practical  side  of  the  question,  and  the 
bacteriological  results  were  considered  by  themselves,  and  not  read,  as 
they  ought  to  be,  side  by  side  with  the  chemical  data,  a false  impression 
might  be  gained  as  to  the  amount  of  purification  which  for  practical 
purposes  is  effected  in  the  London  crude  sewage  by  the  treatment. 

1.  General  Conclusions. 

The  Thames  is  a tidal  river,  and  the  “ intakes  ” for  waterworks  pur- 
poses are  situated  high  up  the  river  and  are  “ cut  off”  by  “ locks  ” from 
the  influence  of  the  sewage  discharge  at  the  Outfall  Works.* 

The  river  water  outside  the  influence  of  the  discharges  at  the  Outfall 
Works  is  already  polluted  and  contains  practically  all  the  bacteria  found 
in  raw  sewage. 

The  effluents  from  the  existing  works  (chemical  treatment)  are,  in  a 
bacterial  sense,  grossly  impure,  and  indeed  the  samples  which  I examined 
resembled  in  their  biological  composition  the  raw  sewage  before 
treatment. 

The  body  of  Thames  water  which  may  be  supposed  to  be  directly 
affected  by  the  discharge  of  the  effluents  at  Barking  and  Crossness  is 
“ brackish,”  and  so  could  hardly  be  tolerated  for  drinking  purposes 
even  by  individuals  who  are  indifferent  to  the  physical  characters  and 
biological  composition  of  the  water  which  they  drink. 

The  bacterial  coke-beds  effect  a reduction  of  at  least  50,  and  it  may 
be  as  much  as  80  per  cent,  in  the  amount  of  dissolved  oxidisable  and 
putrescible  organic  matter  in  the  raw  sewage,  as  compared  with  17  per 
cent,  effected  by  the  chemical  treatment. 


* It  is  assumed  that  no  contamination  of  the  under  pro  mid  trader  in  the  Thames  valley 
takes  place  as  a result  of  the  pollution  in  the  lower  reaches  of  the  river  affecting  distant 
sources  of  water  supply  (e.g.,  deep  wells).  If  in  the  future  reliable  evidence,  as  to  (he 
possibility  of  such  contamination  occurring,  should  be  forthcoming,  then  the  whole 
question  would  require  reconsideration. 


The  Bacterial  Treatment  of  Sewage. 


The  effluents  from  the  coke-beds  are  apparently  non-putrescible,* 

The  suspended  matters*  in  the  crude  sewage  are  practically  entirely 
removed  as  a result  of  the  biological  treatment,  instead  of  only  about 
80  per  cent,  effected  by  the  chemical  treatment.  And  recent  experi- 
ments seem  to  show  that  this  result  may  be  obtained  without  serious 
progressive  loss  of  capacity  in  the  coke-beds,  if  the  sewage,  lx-fore  its 
application  to  the  coke-bed,  has  undergone  a previous  process  of  rapid 
sedimentation. 

In  the  biological  treatment  no  chemicals  are  required,  and  less 
offensive  sludge  is  produced. 

Where  an  effluent  is  turned  into  a stream  to  be  used  for  drinking 
purposes,  the  bacteriological  results  are  manifestly  of  more  importance 
than  the  chemical ; but  when,  as  in  the  present  case,  the  river  is  not  a 
potable  one,  and  is  already  polluted,  the  converse  probably  holds  good ; 
i.e.,  the  chemical  state  of  the  effluent  is  of  primary,  and  the  biological  of 
secondary  importance.  In  the  first  case,  the  chief  object  is  to  guard 
against  disease,  and  in  the  second  case  the  fouling  the  river  with 
putrescible  matters  to  such  an  extent  as  to  constitute  a nuisance  has  to 
be  avoided. 

However  desirable  it  may  be  to  obtain  an  effluent  chemically  pure, 
and,  at  the  same  time,  bacteriological ly  above  suspicion  of  danger,  a 
process  which  (a)  leads  to  the  solution  of  some  of  the  suspended  matters 
in  the  raw  sewage,  (6)  effects  a striking  reduction  in  the  amount  of 
putrescible  matters,  (c)  avoids  the  use  of  chemicals  and  the  accumulation 
of  offensive  sludge,  ( d ) yields  an  apparently  non-putrescible  effluent,  and 
(e)  is  at  the  same  time  practicable,  is  one  which,  in  that  it  produces 
such  satisfactory  results  in  view  of  all  the  requirements  of  the  case, 
presents  such  decided  advantages  over  chemical  treatment  that  it  would 
be  idle,  merely  because  it  falls  short  of  a standard  of  perfection,  to  deny 
the  value  or  to  attempt  to  minimise  the  usefulness  of  the  process. 

Passing  next  to  considerations  which  are  purely  biological  in  character, 
the  following  points  are  worthy  of  note. 


2.  Biological  Conclusions. 

Although  (1)  the  total  number  of  bacteria,  (2)  the  number  of  spores  of 
aerobic  bacteria,  (3)  the  number  of  liquefying  microbes,  (4)  the  number 
of  B.  coli , and  (5)  the  number  of  spores  of  B.  enter itidis  sporogenes  was, 
on  an  average,  less  in  the  effluents  from  the  coke-beds  than  in  the  corre- 
sponding samples  of  crude  sewage,  the  reduction  in  numbei  was.  not 
well  marked ; and  in  some  cases  the  effluents  contained  more  micro- 


* It  may  be  suggested  that  further  evidence  is  required  to  show  that  an  effluent 
apparently  non-putrescible  remains  so  under  all  conditions,  and  also  that  an  effluent  ree, 
or  nearly  so,  from  suspended  matter  remains  permanently  in  that  condition,  tor  it  is 
conceivable  that  an  effluent  non-putrescible  in  itself  might  yet  give  rise  to  a 
effect  when  discharged  into  a stream,  and  that  substances  originally  in 
pass  out  of  solution  as  the  result,  perhaps,  of  swondary  degeneration.  ^ from 

actual  experiments  carried  out  by  the  chemists  in  charge  at  the  OutfaU ''orta< Ibtae 
changes  would  not  seem  likely  to  take  place  in  the  case  of  the  discharge  of  the  effluents  at 
Harking  and  Crossness  into  the  Thames.  It  must  be  distinctly  undcratood  that  the 
apparently  non-putrescible  character  of  the  effluents  from  the  coke-beds  is i due  »<>/  to  the 
absence  of  putrefactive  bacteria,  but  very  largely  to  the  sa  isfactory  change  in  the 
chemical  state  of  the  liquid  resulting  from  the  treatment  of  the  sewage  in  the  liactena- 
beds  Thus,  on  June  15, 1898,  it  was  found  that  even  so  minute  an  amount  ^Tumrmni  c.c. 
(but  not  c.c.)  of  the  Crossness  4-foot  coke-bed  effluent  when  introduced  into  a 

sterile  broth  tube,  produced  an  offensive  smell  and  gave  rise  to  indol  production. 


Fio.  3K.  II.  roll. 


Gelatine  plate  culture.  About  natural  size. 
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Fig.  38. — It.  cal/.  Showing  gas  production  in  gelatine  “shake 
cultures  (29  hours  at  20°  C.).  About  natural  size. 


Fig.  H9. — It.  wu-sentericus.  Variety  E.  Microscopic  preparation  from  a 20  hours’ 
agar  culture  at  20°  C.  X 1,000. 


Fig.  4'»- — J5r.  mwntrrii-u*.  Variety  K.  Microscopic  preparation  stained  by  V.  Ermengem’a 
method.  showing  nuraerou-*  Hagella,  from  a 2u  horns’  a (far  culture  at  20°  C 
X I.Ono.  ° 


Fig.  41.— B.  metenterims.  Variety  I.  Microscopic  preparation  from  an  agar  culture 

(20  hours  at  20°  C.).  X 1,000. 


V ig.  12 — //.  mewntcricux.  Variety  I.  Microscopic  preparation  stained  by  V.  Ermengem's 
method,  showing  numerous  flagella;  from  a 20  hours’  agar  culture  at  20°  (’ 
X 1,000. 


I 


FlS  45. — B.  mesentericns.  Sewage  variety  I. 

Potato  culture,  one  day’s  growth  at 
37°  C.  Very  slightly  enlarged. 


Fig.  17.  ‘ Sr  wage  protvus Micro- 

scopic preparation  stained  by 
V.  Ermengem’s method, showing 
one  flagellum  at  the  end  of  each 
rod  ; from  a 24  hours’  growth 
agar  culture  at  20a  C.  X 1,000. 


Fig.  46. — “ Sewage  proteus."  Micro- 
scopic preparation  from  an  agar 
culture  ; 24  hours’  growth  at 
20°  C.  X 1,000. 


Ki<;.  4'J. — “ Sewage  pn>teu»."  About  natural  size — 

(")  Gelatine  “ shake”  culture.  24  hours’  growth  at  20°  C. 
(Ii)  Gelatine  “ stah'  culture.  24  hours’  growth  at  20°  ('. 
(<•)  Gelatine  “ stab  ” culture.  4H  hours’  growth  at  20°  C. 


Fig.  50. — B.frondosus.  Microscopic  double-stained  preparation  from  an  agar  culture, 

showing  spores.  X 1,000. 


Fig.  51. — B.  frondimu.  Gelatine  plate  culture.  About  natural  size. 


Fig.  52.  B.  fusiform U.  Microscopic  double-stained  preparation,  showing  spores 

X 1,000. 


FlC.54 ,—B.  tuhtilUsimiu.  Gelatine  “ streak  ” cultures.  21  hours’  (*)  Three  days’  growth  at  20° 

growth  at  20°  C.  Natural  size. 
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Fig.  69.  Fig.  60. 

Fig.  59. — B.  membranous  patulus.  Oblique  gelatine  culture.  About  natural  size. 

Fig.  60. — B.  membraneus patulus.  Gelatine  “stab”  culture,  three  days’  growth  at  20°  C. 

About  natural  size. 


FltJ.  61  (E). — B.  memhramm  jmtulu *.  Oblique  gelatine  culture. 

(F). — B.  me  mb  ram  ns  patvlvx.  Showing  the  appearance  under  a low 
power  of  the  microscope,  of  the  delicate  film-like  processes  which 
extend  over  the  surface  of  the  medium  in  gelatine  plate  cultures. 
(Diagrammatic.) 


Fig.  63. — It.  ra pillar mx.  Under  a low  power  of  the  microscope. 

(a)  Deep-seated  colony  in  gelatine.  Twenty  hours’  growth  at  20°  C. 

(V)  Colony  partly  deep  and  partly  superficial.  Twenty  hours’  growth  at  20°  C. 
O)  Colony  at  a later  stage  of  growth  and  after  liquefaction  had  set  in. 

(Diagrammatic.) 
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organisms  than  the  sewage  before  treatment.  Thus,  while  the  chemical 
results  were  always  satisfactory,  the  bacteriological  results  were  usually 
quite  the  reverse,  because  the  microbes  producing  the  chemical  changes 
passed  through  the  coke-beds  in  practically  unaltered  numbers. 

'The  reasons  for  this  state  of  things  would  seem  to  be  that  the  process  itself 
depends  for  its  success  on  the  vital  activity  of  bacteria  ; that  the  fragments  of  coke 
are  not  fine  enough  to  allow  of  the  mechanical  separation  of  the  germs  ; that  the 
products  of  the  growth  of  the  microbes,  while  they  are  self-injurious,  are  not 
sufficiently  poisonous  to  destroy  the  life  of  the  microbes,  although  they,  doubtless, 
exercise  a restraining  influence  on  the  extent  of  the  multiplication  : and  finally,  that 
purification  is  not  carried  sufficiently  far  to  exhaust  all  the  assimilable  pabulum  in 
the  liquid.] 

It  has  already  been  pointed  out  that  B.  coli  is  an  aerobic  (facultative 
anaerobic)  microbe  of  intestinal  origin  which  may  be  pathogenic,  and 
that  B.  enteritidis  sporogenes  (Klein)  is  a pathogenic  anaerobe  typical  of 
excremental  matters  and  may  be  causally  related  to  certain  cases  of 
acute  diarrhoea  in  the  human  subject;  cultures  of  this  microbe  are 
extremely  virulent  when  injected  subcutaneously  into  guinea-pigs. 

Again,  it  has  been  stated  that  B.  coli  and  the  spores  of  B.  enteritidis 
sporogenes  are  present  in  the  effluents  from  the  coke-beds  in  numbers 
usually  exceeding  100,000  and  100  respectively  per  c.c.  Further,  it 
has  been  shown  that  a proteus-like  germ  (“  sewage  proteus  ”)  is  present 
in  abundance  in  the  effluents—  usually  more  than  100,000  per  c.c.  Some 
strains  of  this  microbe  are  very  virulent  to  guinea-pigs.  Lastly,  a 
highly  virulent  strain  of  B . pyocganeus  has  been  isolated  from  so  minute 
an  amount  as  two  c.c.  of  a Barking  coke-bed  effluent.  There  is  some 
evidence  to  show  that  this  microbe  possibly  may  be  the  cause  of  some 
epidemics  of  diarrhoea. 

Moreover,  the  cultures  made  from  the  crude  sewage  and  from  the 
effluents  were  frequently  compared  side  by  side,  yet  no  distinct 
differences  could  be  made  out  between  the  two  sets  of  cultures  as 
regards  the  species  of  microbes. 

[Of  course  this  does  not  preclude  the  possibility  of  failure  to  detect  points  of 
difference  not  easily  appreciable  even  to  the  trained  observer.  Still  less  does  it  mean 
that  no  selective  process  was  in  operation  in  the  coke-beds.  It  is  known  that  certain 
microbes,  es/.,  the  nitrifying  germs,  do  not  grow  in  the  media  ordinarily  used  by 
bacteriologists.  The  mere  fact  that  the  raw  sewage  contained  little  or  no  oxidised 
nitrogen,  while  the  effluents  contained  nitrites  and  nitrates,  implies  that  nitrification 
was  in  progress,  and  doubtless  the  nitrifying  germs  were  not  only  stored  in  the  coke- 
beds,  but  were  present  in  the  effluents  in  greater  number  than  in  the  raw  sewage. 
Indeed,  certain  tentative  experiments  which  were  carried  out  in  this  connection 
seemed  to  support  this  view.] 

The  records  showing  that  streptococci,  presumably  of  intestinal  origin, 
pass  through  the  coke-beds  in  practically  unaltered  numbers,  and  may 
be  isolated  from  c.c.  or  less  of  the  effluents,  are  significant.  It  is 
to  be  anticipated  that  if  streptococci  can  resist  the  biological  processes 
at  work  in  the  coke-beds,  there  is  small  ground  for  the  belief  that  other 
germs  of  a dangerous  sort,  e.g.,  the  typhoid  bacillus,  will  be  destroyed. 

It  has  been  shown  that  although  the  metabolic  products  alone  of  the 
bacteria  in  the  effluents  are  not  fatal  even  when  large  doses  are  injected 
subcutaneously  into  guinea-pigs,  the  effluents  plus  their  contained 
bacteria  are  decidedly  pathogenic,  and  do  not  indeed  differ  in  this 
respect  materially  from  the  raw  sewage. 

[ In  r(xlent8  a local  reaction  is  always  observed,  and  abscess  formation  and  ulceration 
frequently  result  from  the  injections,  although  they  do  not  necessarily  prove  fatal 

L 


146 


The  Bacterial  Treatment  of  Sewage, 


When  death  rapidly  results,  the  fatal  result  seems  to  he  usually  due  to  virulent 
J}.  eoli  or  It.  protevs  or  It.  entcritidis  spnrogrnts,  or  to  micro Iss  mor<  or  !-»s 
allied  to  one  of  these  species.  Doubtless,  however,  other  microbes  are  a!»o  c/jneerur-J 
in  producing  ft  pathogenic  effect.  Sometimes  the  animal  apparently  recovers,  but 
eventually  may  die  from  pseudo-tuberculosis  ( Jt . pseudo  tuberculoid*). 


Lastly,  it  lias  been  shown  that  the  deposit  accumulating  on  the  coke 
in  the  bacteria-beds  contained  the  spores  of  B.  enteritidis  sparogenes  in 
great  abundance,  and  also  that  two  mice  each  inoculated  subcutaneously 
with  a small  portion  of  the  Barking  coke-bed  deposit  died  with  all 
the  characteristic  symptoms  of  tetanus  (lock-jaw).  Further  “ add. -fast " 
bacteria,  were  present  in  considerable  numbers  in  the  deposit,  and  they 
were  also  found  in  the  crude  sewage  and  effluents — particularly  in  the 
latter.  The  inference  would  seem  to  be  that  the  “acid-fast”  bactervi 
are  stored  in  the  coke-beds,  and  are  continuously  or  occasionally  washed 
away  in  the  effluents. 

[Although  many  of  these  “ add-fast  ” bacteria  could  not  with  certainty  be  morpho- 
logically distinguished  from  the  tubercle  bacillus,  it  was  not  claimed  that  they  were 
necessarily  the  microbe  of  tuberculosis,  alive  or  dead,  virulent  or  non-virulent.  But 
it  was  pointed  out  as  a significant  fact  that  in  one  instance  a guinea-pig  inoculated 
with  the  deposit  from  a bacteria-bed  (not,  however,  one  at  Barking  or  Crossness), 
especially  rich  in  these  “ acid-fast ” bacteria,  did  die  from  actual  tubercular 
infection,  and  that  sections  of  its  organs  when  appropriately  stained  showed  the 
presence  of  tubercle  bacilli.] 


In  view  of  these  results,  only  one  conclusion  seems  possible,  namely, 
that  until  reliable  evidence  to  the  contrary  is  forthcoming,  the  effluents 
from  the  bacteria-beds  ought  to  be  regarded  as  hardly,  if  at  all,  more  safe 
in  their  possible  relation  to  disease  than  the  raw  sewage  before  treatment. 
This  conclusion,  however,  must  not  be  interpreted  in  a wrong  sense.  It 
does  not  mean  (the  contrary  is  my  opinion)  that  the  bacterial  treatment 
of  London  crude  sewage  is  a measure  to  be  condemned  from  the  chemical 
and  practical  point  of  view  and  under  all  the  conditions  obtaining  in 
the  present  case. 


o.  Final  Conclusions. 

In  framing  final  conclusions  the  following  points  have  been  carefully 
considered  * — - 

The  Thames  in  its  lower  reaches  is  not  used  for  drinking  purposes. 
It  is  perhaps,  hardly  necessary  to  add  that  if  this  were  not  the  case 
my  recommendations  would  be  totally  different  to  those  here  presented 
As  regards  the  possibility  of  contamination  of  shell  fish  at  the  mouth  of 
the  Thames,  I am  unable  to  express  a definite  opinion  as  my  investi- 
gations on  behalf  of  the  London  County  Council  did  not  cover  this 
field  of  enquiry.  But  as  the  effluent  after  chemical  treatment  is 
seemingly  worse  bacteriologically  than  the  effluent  from  the  baetena- 
beds  and  much  more  impure  chemically,  the  inference  is  that  the 

bacteria-bed  treatment  is  to  be  preferred. 

The  existing  chemical  treatment  yields  an  effluent  in  most  respect, 
inferior  to  the  effluents  obtained  from  the  experimental  bacteria-beds. 

The  state  of  the  lower  river  during  hot  weather  when  accompanied 
by  periods  of  drought  calls  for  prompt  action.  It  is  conceivable  that  to 
some  extent  the  present  unsatisfactory  conditions  are  of  a cumulative 
character;  and  that,  unless  remedial  measures  are  soon  adopted  there 
may  arise  in  the  future  a condition  of  affairs  which  it  may  take  a 
considerable  time  to  modify  or  control. 
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The  bacterial  treatment  of  London  crude  sewage  has  received  a trial 
extending  over  some  years,  and,  although  in  certain  directions  the  results 
are  not  altogether  satisfactory,  there  can  be  no  question  that  it  is 
possible  to  obtain  a better  effluent  by  the  use  of  contact  beds  than  by 
the  existing  mode  of  chemical  treatment.*  During  the  progress  of 
my  observations,  the  unsatisfactory  features  of  the  experiments  have 
been  the  bacteriological  results  and  the  initial  if  not  progressive  loss  of 
capacity  in  the  coke-beds.  As  regards  the  former,  I have  previously 
expressed  the  opinion  that  in  the  case  of  the  lower  Thames  the  bacterio- 
logical are  of  secondary  importance  when  compared  with  the  chemical 
results.  As  regards  the  latter,  Dr.  Clowes  has  furnished  evidence  that 
the  choking  of  the  coke-beds  can  be  kept  within  bounds  by  a preliminary 
process  of  rapid  sedimentation  of  the  sewage. 

An  unbiassed  consideration  of  the  subject  from  the  practical  and 
economic  point  of  view  might  not  result  in  conclusions  favourable  to 
the  biological  as  compared  with  the  chemical  treatment.  But  nicely 
balanced  questions  of  alternative  cost  should  not  be  allowed  to  dominate 
the  serious  question  at  stake,  namely,  the  extent  to  which  it  is  possible 
and  practicable  to  improve  the  condition  of  the  lower  Thames.  No 
doubt,  special  laws  and  privileges  are  attached  to  the  discharge  of 
London  sewage  into  the  river  Thames ; but  to  take  undue  advantage 
of  this  circumstance  would  be  inconsistent  with  the  liberal  and  pro- 
gressive policy  pursued  by  the  Council  in  regard  to  other  matters 
affecting  public  health. 

Lastly,  it  may  be  pointed  out  that  instances  are  not  wanting  of  the 
successful  bacterial  treatment  of  sewage  on  a large  scale.  One  example 
is  to  be  found  at  Manchester,  and  there  are  no  reasonable  grounds  for 
doubting  that  as  good  results  could  be  obtained  in  the  case  of  London 
crude  sewage. 

Taking  into  account  all  these  considerations,  I am  of  opinion  that  the 
gradual  adoption  of  the  bacterial  treatment  of  sewage  in  place  of  the 
existing  chemical  treatment  is  a practicable  measure  to  be  recommended 
and  would  lead  to  a progressive  improvement  in  the  condition  of  the 
lower  Thames. 

* It  must  be  understood  that  neither  in  this  book  nor  in  any  of  my  previous  reports 
have  I expressed  any  opinion  as  to  the  relative  merits  of  the  different  bacteria-bed 
processes  of  sewage  treatment.  I have  confined  my  remarks  to  the  results  obtained  with 
contact  beds  at  Barking  and  Crossness,  and  have  contrasted  these  results,  not  with  other 
bacterial  processes,  but  with  the  results  obtained  from  the  existing  chemical  treatment 
at  the  Outfall  Works. 
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The  bacterial  treatment  of  sewage  and  of  sewage  effluent  at 

VARIOUS  CENTRES  THROUGHOUT  THE  COUNTRY. 

While  the  Fourth  Report  to  the  Main  Drainage  Committee  of  the 
London  County  Council  on  the  bacterial  treatment  of  crude  sewage  was 
being  prepared,  information  as  to  similar  work  was  courteously  supplied 
by  many  local  authorities.  The  details  were  tabulated  and  published 
in  the  fourth  report  as  an  appendix.  On  account  of  the  value  attaching 
to  this  tabulated  information  it  has  been  considered  advisable  to 
incorporate  it  in  this  book.  Owing  to  the  small  size  of  the  pages  of 
the  book  as  compared  with  those  of  the  Fourth  Report,  it  has  been 
found  necessary  to  slightly  modify  the  tables  in  order  that  the  general 
arrangement  of  them  might  be  retained.  The  modification,  however, 
has  been  of  so  slight  a nature  as  not  to  detract  from  the  value  of  the 
information. 

The  table  comprises  statements  from  47  centres,  and  includes  the 
whole  of  the  information  respecting  the  bacterial  treatment  of  sewage 
or  sewage  effluent,  obtained  in  answer  to  about  60  applications.  In 
most  of  the  other  cases  bacterial  treatment  was  not  in  use. 

Favourable  results  are  reported  as  having  been  obtained  from  all 
except  two  of  the  47  centres.  The  two  centres  referred  to  as  exceptions 
are  Glasgow  and  Huddersfield. 

At  Glasgow  the  results  of  the  treatment  of  sewage  in  experimental 
bacteria-beds  indicated  a purification  from  putrescible  matter  of  95  per 
cent.,  while  the  open  “septic”  tank  was  the  means  of  reducing  the 
amount  of  sludge  by  54  per  cent.  Similar  results  have  been  accepted  as 
satisfactory  at  other  centres.  The  objection  to  the  use  of  bacteria-beds 
at  this  centre  appears  to  be  that  the  area  required  for  their  installation 
would  be  164  acres,  while  the  system  of  treatment  by  lime  and  sulphate 
of  alumina  could  be  satisfactorily  carried  out  on  a superficial  area  of 
23  acres.  By  this  latter  method  it  is  claimed  that  every  trace  of 
suspended  matter  is  removed,  and  that  30  per  cent,  of  purification  from 
putrescible  matter  is  effected. 

At  Huddersfield  the  sewage  i3  of  an  exceptional  character,  since 
30  per  cent,  of  it  is  derived  from  manufacturing  processes,  almost  wholly 
woollen,  and  it  contains  a quantity  of  soap,  fat,  and  dyes,  and  a variety 
of  chemicals  used  in  the  dyeing  and  finishing  of  woollen  goods.  The 
best  results  were  obtained  by  the  treatment  of  the  sewage  with  a small 
quantity  of  lime  and  sulphate  of  iron,  followed  by  double  contact  in 
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bacteria-beds.  The  beds  which  were  used  for  this  purpose  retained 
their  capacity  much  better  than  those  which  dealt  with  either  the  crude 
sewage  or  witli  the  septic  tank  effluent.  Owing  to  the  final  effluent 
being  frequently  unsatisfactory,  and  also  to  the  rapid  decrease  of  the 
capacity  of  the  coarse  bed,  the  use  of  this  system  on  a large  scale  is  not 
contemplated. 

A careful  consideration  of  all  the  information  obtained  from  the 
various  centres  where  bacterial  treatment  has  been  tried  convinces  me 
that  the  process  has  been  uniformly  successful  when  the  construction 
and  use  of  the  necessary  plant  has  been  reasonably  and  properlv  carried 
out.  The  only  exception  that  appears  possible  to  this  general  statement 
is  inteifeience  which  is  caused  by  the  sewage  being  of  a very  unusual 
character. 

The  information  in  these  tables  has  been  brought  up  to  the 
30th  April,  1902. 

The  information  set  forth  in  the  following  tables  has  been  courteously 
supplied  by  the  various  local  authorities  throughout  the  country,  who 
have  used  bacteria-beds  in  connection  with  the  treatment  of  sewage  or 
sewage  effluent,  either  in  a permanent  installation  or  in  an  experimental 
form. 

In  consequence  of  the  necessarily  complicated  nature  of  any  attempt 
to  arrange  in  systematic  order  the  results  of  such  work  carried  out 
under  very  varying  conditions,  some  explanation  of  the  tables  and  of 
their  arrangement  is  necessary. 

The  information  has  been  placed  in  two  main  divisions,  one  dealing 
with  the  bacteria-beds  and  the  other  dealing  with  the  “ septic  ” tanks  : 
there  is  also  an  additional  column  for  remarks. 

The  division  dealing  with  the  bacteria-beds  is  divided  into  three 
tables,  as  follows  : — 

Table  1. — Particulars  of  the  bacteria-beds. 

Table  2. — Particulars  as  to  the  working  of  the  bacteria-beds. 

Table  3. — Particulars  as  to  the  capacity  of  the  bacteria-beds, 
and  as  to  the  loss  of  capacity  during  working. 

The  division  dealing  with  the  “septic”  tanks  is  divided  into  two 
tables  as  follows  : — 

Table  4.— Particulars  of  the  “ septic  ” tanks,  of  the  settling  tanks, 
and  of  the  detritus  tanks. 

Table  5. — Particulars  as  to  the  working  of  the  tanks. 

Table  1 is  a record  of  the  details  of  the  construction  of  the  various 
beds  used  by  the  different  local  authorities.  In  some  instances,  more 
especially  in  centres  where  reports  have  been  published  of  the  work 
which  has  been  carried  out  in  the  bacterial  treatment  of  sewage,  the 
details  of  the  various  beds  are  very  full,  and  in  these  cases  each  bed  is 
dealt  with  separately.  In  other  instances,  principally  where  the  treat- 
ment is  of  a permanent  character  and  the  beds  are  consequently  uniform 
in  size  and  structure,  the  groups  of  beds  only  are  described. 

In  column  8,  “Material  and  size  of  the  material  of  which  the  beds  are 
composed,”  the  size  is  determined  by  the  mesh  of  the  sieves  used  in 
screening  the  material,  unless  otherwise  stated.  Thus  $ to  Vit  inch 
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means  that  the  material  is  such  as  would  pass  through  a screen 
of  4 inch  mesh  and  would  not  pass  through  a screen  of  TV  inch  mesh. 

Table  2 is  a record  of  the  different  experiments  which  have  been 
carried  out  at  the  various  centres,  but  in  many  instances  the  records 
are  insufficient  to  justify  the  results  being  set  out  separately  in  the 
table.  In  such  instances  only  the  general  details  of  the  manner  in 
which  the  beds  have  been  worked  are  recorded.  In  the  case  of  per- 
manent installations,  where  the  beds  have  been  uniformly  dealing  with 
the  same  class  of  liquid  for  some  years,  only  the  more  recent  results 
are  given  in  the  table. 

The  figures  in  column  27  “ Quantity  of  sewage  treated  in  24  hours 
per  acre  of  bed  one  foot  deep  ” have  been  calculated  from  data  given, 
in  order  that  the  quantities  dealt  with  by  the  various  beds  at  a uniform 
depth,  may  be  seen  at  a glance. 

Table  3. — The  importance  of  information  bearing  on  the  capacity  of 
the  beds  and  on  the  loss  of  capacity  noticed  in  the  working  of  the  beds, 
rendered  it  necessary  to  devote  a table  to  this  subject.  The  records  in 
this  table  are  not  intended  to  correspond  with  the  experiments  detailed 
in  the  previous  table  ; they  are  merely  such  records  as  have  been  made 
of  the  variations  in  the  capacity  of  beds.  In  some  instances  the  records 
furnished  were  too  extensive  to  insert  in  these  tables ; in  such  instanc 
extracts  have  been  made  from  the  data  supplied. 

The  original  water-capacity  of  the  bed  in  the  tank  means  the  liquid 
capacity  of  the  bed  after  the  material  of  which  it  is  formed  has  been 
thoroughly  soaked.  The  original  water-capacity  therefore  does  not 
mean  the  quantity  of  liquid  which  could  be  poured  into  the  bed  in  its 
dry  condition,  but  rather  the  quantity  which  could  be  drained  from  the 
working  bed  during  the  specified  time  of  emptying. 

Since  the  capacity  of  a bed  alters  considerably  during  a lengthened 
period  of  rest,  the  terms  have  usually  included  measurements  which 
have  been  made  after  such  rest  periods.  Such  measurements  have  not 
always  been  made  from  the  first  filling  after  a rest  period,  and  in  such 
instances  a draining  period  is  generally  recorded  as  well  as  the  number 
of  fillings  since  the  rest  period. 

Table  4 furnishes  details  concerning  the  “ septic  ” tanks,  the  settling 
tanks,  and  the  detritus  tanks  used  at  the  various  centres. 

lable  5 is  a record  of  the  working  of  the  various  tanks. 


Table  I. — Particulars 


1 

No 

Name  of  town  or 
district. 

Nature 

of 

Installa- 

tion. 

P. — Per- 
manent, 
r.— Tem- 
porary. 

Number  or 
names  of  the 
beds. 

P. — Primary. 

S. — Secondary 

T.  — Tertiary. 

Average  1 
or  i 
working 
area  or 
the  beds. 

Square 

leet. 

Measurement 
of  the 
surface  of 
the  bed*. 

Feet. 

Depth 
of  the 
beds. 

Feet. 

MfitejJal  and  r'r»*  of 
th*  materia)  of  vriuch 
the  bed*  tie  C ssup,»e4. 

i 

o 

3 

■4 

5 

6 

i 

i 

Accrington  ... 

P. 

10 

3,019 

62  in  dia. 
each 

8.5 

and 

Coke,  2 to  3-inch... 

4 

1,944 

49'75  in  dia. 
each 

8 and 
9 

11  11  T1 

2 

Aldershot 

P. 

Top  or 

primary 

Bottom  or 
secondary 

2,146 

6,800 

58  X 37 
58  X 100 

4 

1*5 

Clinkers,  f-inch  ... 
„ varying 

size 

,,  generally 

fine 

3 

Acton 

T. 

... 

594 

... 

6’5 

Clinkers.  2-inch 

4 

Aylesbury  ... 

T. 

4 

6 

(31,740 
^ total 
\ area 

Varies  from' 
50  X 30  to 
116  X 30  ; 

50 

325 

Coarse  burnt  ballast 
Coke  breeze 

5 

Barnsley 

T. 

3 

32,400 

120  X 90 

3 

Broken  1 i-inch ... 

clinker  1 } „ ... 

and  [ 1 ,.  ... 

ashes  J 1}  „ ... 

6 

Birmingham... 

T. 

1 to  8 ... 

Percolating 
No.  1 

Percolating 
No.  2 

133,656 

44,552 

10,890 

10,890 

150  X 150 
148}Xl48} 
at  bottom 
'l  62  diam.  1 
1 at  top  | 
i"  70  diam.  'i 
] at  bottom  ( 

3 

3 

5 

4*5 

Coke,  1 to  1}  inch 
Destructor  clinker, 
1 to  l}-inch 
Coke,  1 inch 

Coke,  1 inch 

7 

Blackburn  ... 

T. 

1 

1 

4,770 

4,770 

... 

5*5 

5*5 

Coke  

Coke  breeze 

8 

Bloxwich  dis- 
trict of  Wal- 
sall 

T. 

8 P 
8 S 

... 

... 

... 

2o 

25 

} to  tV  inch 
} inch  to  dust 

9 

Bristol — 

At  Knowlc 
At  St.  John’s 
lane 

T. 

T. 

2 Knowle 
1 St.  John’s 

132  eacl 
396 

22  X 6 
22}  diameter 
30  at  bottom 

6 

3 

Washed  clinker 

from  destructor 
which  passed 

through  a 2-inch 
ring 

w c cc 
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of  the  Bacteria-beds. 


Thickness  of 
each  layer 
of  material, 
arranged  in  their 
order  in  the 
beds, 

from  the  top 
downwards. 

Method  of  under-draining  the 
beds. 

Actual 

or  estimated  cost 
of  making  the 
beds. 

Actual  or 
estimated  cost  per 
acre  of  making 
the  beds. 

Cost  of 
treating 
sewage  per 
million 
gallon!. 

9 

1* 

11 

IS 

IS 

Half  18  - inch  perforated 
earthenware  pipes  laid  on 
concrete  bottom 


per  sq.  yard.  In- 
cluding excava- 
tion, concreting 
bottom,  under- 
draining, brick- 
work in  cement, 
and  coke 


£ 

10,890 


£ s.  d. 
4 6 0 
(about) 


15  inches  ...  Only  by  the  packing  of  large 
33  „ material.  No  pipes  are  used 


250 


5,000 

(about) 


250 


1,700 

(about) 


9-inch  main  drains  (two 
mains  to  each  large  bed), 
with  double  junctions  2 feet 
apart,  and  3-inch  agricul- 
tural pipes  arranged  in 
herring-bone  fashion 


3,200 

(by  contract) 
for  coke  breeze 
beds 


6,400 


15  0 0 


inches 

V 
It 

V 


By  land  tiles  and  square  longi- 
tudinal drains  18  inches  by 
12  inches 


1,343-5 


1,400 
(about) 
including  the 
open  “ septic  ” 
tank 


Similar 

throughout 


The  whole  bed  is  laid  on  a 
false  bottom,  in  which  there 
are  channels  6 inches  by  6 
inches  and  148  feet  long 


s 


/ 


48,000 

-(about) 


12,000 

(about) 


Similar  3-inch  agricultural  drain  tiles 

throughout  laid  herring-bone  fashion 
in  channels  covered  with 
2-inch  stone  covers.  There 
is  a fall  of  18  inches  in  each 
bed 


Land  tiles 


1,000 


5,000 


No  pipes,  floor  inclined  from 
centre  to  border 
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Table  I. — 


Nature 

Number  or 

Average 

No 

Nome  of  town  or 
district. 

of 

nstalln- 

tion. 

nuini'B  of  the 
beda. 

or 

working 
area  of 
the  beds. 

Measurement  . 
of  the 
surface  of 
the  beds. 

-Xq, th 
il  the 
beds. 

Material  and  t: re  of 
the  material  of  which 
the  bed*  are  oompoaed. 

P. — Per- 
manent. 

P. — Primary. 

L — Tom- 

S.— Secondary 

Square 

porary. 

T. — Tertiary. 

feet. 

Feet. 

Feet. 

1 

2 

3 

4 

5 

6 

7 

S 

10 

Burnley — 

Duckpits 
(septic  tanks) 
and  Woodend 
works  (beds) 

P. 

1 P 

2 P 

3 P 

4 P 

31,050 

28,998 

27,873 

27,153 

28,890 

... 

5 P 

3 

Hard  furnace 

6 P 

54,882 

50.094 

... 

clinker  }-inch  and 

12  P 

above 

18  P 

22,473 

/ 

14  S 

25,893 

\ 

15  S 

26,568 

16  S 

27,441 

,,, 

17  S 

27,873 

... 

19  S 

24,192 

3 

Hard  furnace 

22  S 

17,424 

clinker  from 

23  S 

15,885 

... 

J-inch  to  J-inch. 

26  S 

59,238 

... 

/ 

11 

Burslem 

T.  P. 

3 P 

144,000 

3 

Pottery  refuse,  4 to 

3 S 

(total) 

3 

1 4-inch 

3 T 

. s . 

3 

Pottery  refuse,  4 to 

1-inch 

12 

Bury 

P. 

6 

8,100 

45  x 30 

3 

Coke  fftolj- 

Cinders  ( inch 

6 

8,100 

45  X 30 

3 

(totals) 

13 

Cambridge  ... 

‘2 

9.S00 

(8,700 

10 

Clinkers,  2 to  f-inch 

(total) 

superficial 

„ | to  J-mch 

feet) 

„ above  2 inches 

14 

Carlisle 

P. 

4 

5.400 

120  X 45 

4 

Sandstone,  5 to  1- 

(each) 

inch 

15 

Croydon 

P. 

6 

5,140 

Irregular 

3’75 

Coarse  burnt  clay 
ballast,  1 to  3-inch 

16 

Darwen 

P. 

5 ... 

... 

49  X 24 

35 

Sand,  j’*  to  Tyinch 
Hard  vitrified  clin- 

ker 

17 

Epsom 

... 

6 P 
6 S 

... 

3 

1 1 4-inch 
4-inch 

18 

Evesham 

P. 

1 to  4 

20,000 

91  X 56 

35 

Slag  } to  1 }-mch 

1!) 

Glasgow 

4 first  con 

3.594 

... 

325 

Engine  ashes,  J-inch 

i „ 

l ,t 

tact  beds 

(total) 

4 second 

3.582 

... 

3-25 

i 

„ i tt 

,.  \ „ 

contact 

beds 

(total) 

continued. 


Thickness  of 
each  layer 
of  material, 
arranged  in  their 
order  in  the 
beds, 

from  the  top 
downwards. 

Method  of  under-draining  the 
beds. 

Actual 

or  estimated  cost 
of  making  tho 
beds. 

Actual  or 
estimated  cost  per 
acre  of  making 
the  beds. 

Cost  of 
treating 
so  wage  per 
million 
gallons. 

9 

10 

ii 

12 

13 

/ 

( 

\ 

Main  drain  of  salt  glazed 
socketted  earthenware  pipes 
varying  from  12  inches  to 
15  inches  in  diameter  ac- 
cording to  size  of  bed. 
Side  drains  of  4-inch  salt 
glazed  earthenware  socket- 
ted pipes,  perforated  round 
. J of  pipe.  Holes  J-inch  in 
diameter.  Arranged  7 J feet 
apart.  In  the  secondary 
beds  the  side  drains  are  4- 
inch  field  tiles.  The  under- 
drains  are  in  all  cases 
covered  with  coarse  hand- 
picked clinker  to  a depth 
of  9 inches. 

£ 

£ 

Total  average 
cost  of  bee 
per  acre 
£1,300. 

The  cost  varies 
from  £1,200 
to  £1,400  ac- 
cording to  the 
amount  of  ex- 
cavation and 
banking 
necessary. 

£ S.  d. 

... 

Covered  channels  in  concrete 
bottoms  packed  round  with 
coarser  material 

(Estimated  cos 
made,  excl 

2,740 

t of  extensions 
usive  of  filling) 

now  being 

6 feet 
2 feet 
2 feet 

Not  in  layers 

Not  underdrained  

2,500 

5,100 

All  the  same 
size 

3-inch  agricultural  drain 
pipes,  5 feet  apart,  leading 
to  central  drain 

2,000 

(about) 

3,660 

6 inches 
3 feet 

Channels  in  the  concrete 
floors  of  the  beds,  covered 
with  stone  flags 

Mixed 

Perforated  pipes  

1,000 

(filling  only) 

4,600 

9 inches  . 

1 feet  9 inches 
9 inches 

2 feet... 

7 inches 

8 inches 

Dry  built  brick  drains,  9 
inches  by  9 inches,  in  the 
centre  of  the  bed  and  4-inch 
field  drain  pipes  laid 
diagonally  from  the  centre 
to  the  sides 

The  i natal  la 

merely  ex per 
a very  small  s 
The  original 
cipitation  ta 
tain  the  bed 
into  account  | 

tion,  which  is 
imental  and  on 
cale,  cost  £980. 
cost  of  the  pre- 
nks  which  con- 
s is  not  taken 
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Table  I. — 


Nature 

Number  or 

Average 

of 

[nstalla- 

names  of  the 
beds. 

or 

working 

Measurement 
of  the 

Depth 
of  the 

Material  and  *\v-  of 
the  material  of  *iicH 

No 

Name  of  town  or 
district. 

tion. 

area  of 

ths  bed  . 

surface  of 
the  beds. 

beds. 

tlie  beds  art  compowi. 

r. — Per- 
manent. 

P. — Primary. 

Square 

T.— Tern- 

S.— Secondary 

Feet. 

Feet. 

porary. 

T. — Tertiary. 

feet. 

1 

n 

3 

4 

5 

6 

7 

* 

20 

Haslingden, 
Rawtenstall 
and  Bacup 

P.T. 

16 | 

... 

45x30 

3 

Fine  clinker 
Coarse  and  fine  coke 
Burnt  ballast  and 

aerating  pipes 
Coarse  coke 
Burnt  ballast  and 

4-inch  drain  pipes 
Afterwards  the  6 

jnches  of  fine 
clinker  were  re- 

placed  by  1 foot  of 
coarse  clinker 

21 

Hey  wood 

T. 

First  eon- 

... 

... 

3 

Material  1 to  3 inch 

tact  coarse 
beds 

Second  con- 

3 

,,  J to  1 inch 

tact  fine 
beds 

Single  fine 

... 

425 

Sand  and  coke 

22 

Huddersfield... 

T. 

beds 

Coarse 

Fine 

1,600 

1,800 

40  X 40 
48  X 38 

3-5 

3-25 

Clinker,  f to  5-inch 
Clinker, } to  f-inch 
Clinker,  J to  1 1-inch 
Clinker,  rough  ... 

No  7 

1.800 

48  X 38 

3-25 

Clinker,  { to  j-inch 

(One  be 

d given  as  a 

type  of 

24  similar  be 

ds) 

Clinker,  J to  1-inch 
Clinker,  roush  ... 

Coarse 

2S8 

16*5  X 18‘5, 

375 

Clinker,  rs5  to  }-inch 

15-5xl7‘5  at 

Clinker,  1 to  3-inch 

Fine 

288 

bottom 
1 6*5  X 18*5, 

3-75 

Clinker, T’s  to  i-inch 

15-5  X 17‘5  at 

Clinker,  r’B  to  1-inch 

bottom 

Clinker  over  1 J-inch 
Clinker  over  2-inch 

“ Trickling 
bed” 

1,071 

Hexagonal. 
Average  di- 
ameter 37  ft 

7 

Coke  rejected  by 

Hyde 

45 

diameter 

9 

23 

**• 

3-inch  mesh 

24 

Keighley 

T. 

Rough  bed 
Fine  bed ... 

100 

10  X 10 

325 

Coke,  1 to  3-inch  ... 
„ | to  1-inch  ... 

Kettering 

T.' 

210 

21  X 10 

3 

Gravel  Pebbles  ... 

25 

1 ... 

Coke,  i to  1-inch... 

P. 

2 

16,268' 

170  X 102, 
. 162  X 94  at 
bottom 

4 

Coke  breeze,  to 

11 -inch 

Coke  breeze,  -ft  to 

1 

1 

16, 268  j 

4 c 

12,782 

170  X 81, 
162  X 73  at 

) 

1 J-inch 

Burnt  ballast,  J to 

bottom 

( 

2-inch 

A layer  of  iron 

furnaci 

slag,  2 inch 

s in  tbit 

kness,  was  plr 

oed  < 

n the  top  of  each  bed 
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continued . 


Thickness  of 
enrh  layer 
of  material, 
arranged  in  their 
order  in  the 
beds, 

from  the  top 
downwards. 

Method  of  under-draining  the 
beds. 

Actual 

or  estimated  cost 
of  making  tho 
beds. 

Actual  or 
estimated  co*t  per 
acre  of  making 
the  beds. 

Cost  of 
treating 
sewage  per 
million 
gallons. 

9 

10 

11 

12 

13 

t>  inches 
1+  inches 
4 inches 


4-inch  drain  tiles  surrounded 
with  burnt  ballast 


£ 

5,800 


8 inches 
4 inches 


3 feet  3 inches 
9 inches  ... 

1 foot  1 1 inches 
7 inches 

<>  inches 

2 feet  3 inches 
6 inches 

3 inches 
(over  part  only) 
3 feet  6 inches 

(in  parts) 

6 inches 
3 feet  3 inches 


Land  tiles 

17  17 


17  It 


Half  tiles  on  concrete  floor 


77 


11 


4 feet  Perforated  half  tiles  on  brick 

3 feet  floor. 


9 feet 


...  Half  tiles  on  bricks,  concrete 
floors 


150 


180 


band  tiles 


4,500 


3 inches 
2 feet  9 inches 


4 feet 


2 feet 
2 feet 


Land  drain  tiles,  2 inches  in 
diameter  laid  herring-bone 
fashion  to  3-inch  central 
drain 

Main  drain  with  cemented 
joints  np  centre  of  each  bed, 
12  inches  in  diameter  for 
one-half  the  length,  9 inches 
for  the  other.  Side  drains, 
land  tiles  2 inches  in  dia- 
meter, butt  jointed,  5 feet 
apart,  laid  herring  - bone 
fashion 


5,000 

(about) 


3,540 


160 


N. 


Name  of  town  or 
district. 


26 


Leeds 


27 


28 


Leicester 


Lincoln 


Nature 

of 

Installa- 

tion. 

P.— Per- 
manent. 
T.— Tem- 
porary. 

3 

‘ 

Number  or 
names  of  the 
beds. 

?. — Primary. 
3.— Secondary 
T.— Tertiary. 

4 

Average 

or 

working 
area  of 
the  beds. 

Square 

feet. 

5 1 

Measurement 
of  the 
surface  of 
the  beds. 

Feet. 

« 

depth 
of  the 
beds. 

Feet. 

7 

... 

No.  1 coarse 
bed 

5,580 

90  X 65, 
88  X 63  at 
bottom 

5 

No.  2 fine 
bed 

5,580 

100  X 61, 
99  X 51  at 
bottom 

6 

No.  3 coarse 
bed 

5,445 

... 

3 

No.  4 fine 
bed 

5,445 

... 

3 

No.  5 coarse 
bed 

5,445 

... 

3 

No.  6 fine 
bed 

5,445 

... 

3 

No.  7 fine 
bed 

8,100 

... 

3*5 

No.  8 fine 
bed 

4,320 

... 

3"5 

Whittaker 
No.  1 

... 

... 

10 

Whittaker 
No.  2 

... 

12  X 12 
(about) 

9*5 

l continuous 

153 

3*5 

2 „ 

153 

... 

2*5 

3 

153 

... 

2-5 

Ducat 

435  6 

... 

10 

P.T. 

IP 

1,110 

1 

( 37  X 30 
j-  (mean) 

H j 
1 

2 P 

3 P 

4 P 

1,110 

1,110 

1,110 

1 S 

675 

... 

3 

2 S 

675 

3 

...  P- 

1 P 

3,255 

71  X 50 

41? 

2 8 

8,586 

3,600 

159  X 54 

•Ht 

4? 

3 P 

72  X 50 

4 S 

18,198 

182  X 100 

m 

5 P 

3,303 

82-5  X 40 

6 S 

17,280 

160  X 108 

5 

7 P 

2,970 

90  X 33 

9 P 

3,249 

79-75 

X 

40-75 

41 

11  P 

3.258 

78-5  X 41  “5 

41 

13  P 

. 18,954 

189*5  X 100 

5 

5} 

15  r 

. 14,301 

162*5  X 88 

Table  I.— 


Material  and  rite  of 
the  material  of  which 


larger 

Coke,  r’s  to  lj-inch 

Clinker,  { to  1-inch 

Clinker,  VV  to  1* 
inch 

Clinker,  1 to  2-inch 

Clinker,  ^ to  1- 
inch 

Clinker,  f to  1-inch 
Clinker,  | to  1-inch 
Clinker,  1 to  3-inch 
Coke,  above  1 1-inch 

ii  ^ „ 

Coke,  coarsest  avail- 
able 

Coke,  1 to  lj-inch 

Coke,  about  {-inch 

Clinker,  f to  {-inch 

Clinker,  1{  to  2{-in. 
Clinker,  1 J to  2{-in. 
Clinker,  j to  lj-in. 
Clinker,  j to  lj-in. 

Clinker,  { to  1-inch 
Clinker,  T'5  to  1 -inch 

Clinker. T's  to  i-inch 
Clay  ballast,  | to  1- 
inch 

Burnt  Irallast,  Vs  to 
{-inch 


Broken  coke  and 
clinker 

Primary  beds,  11- 
ineh 

Secondary  beds,  J- 
inch 


1(31 


continued. 


Thickness  of 
each  layer 
of  material, 
arranged  in  their 
order  in  the 
beds, 

from  the  top 
downwards. 

Method  of  under-draining  the 
beds. 

Actual 

or  estimated  cost 
of  making  the 
beds. 

Actual  or 
estimated  cost  per 
acre  of  making 
the  beds. 

Cost  of 
treating 
sewage  per 
million 
gallons. 

9 

10 

11 

12 

13 

3-inch  agricultural  drain 
pipes,  surrounded  by  large 
coke 

£ 

£ 

£ S.  d. 

If  11 

... 

Partly  drained  by  3-inch 
pipes  and  coarse  clinker 

... 

... 

ii  ii 

... 

ii  ii 

... 

Not  drained 

... 

3-inch  agricultural  drain 
pipes 

9-inch  drain  pipe  in  concrete 

) 

1 foot  j 

18-inch  half-round  drain 
pipes  on  cement 

] Afterwards  ) 
- inch  and  '• 
) upwards  ) 

9-inch  drain  pipes 

1 

f ... 

! 6-inch  and  4-inch  land  tile 
j drains.  Two  6-inch  layers 

< of  old  flattened  tins,  1 

j foot  apart,  were  laid  in 
( the  body  of  the  beds. 

C inches 

3-inch  land  tile  drains 
3-inch  land  tile  drains 

1 19  inches 

^ mixed 

11  inches 

Same 

throughout 

2 and  3-inch  pipes  leading  to 
each  valve.  In  the  large 
beds  there  are  4 to  6 valves 
The  main  pipes  are  pro- 
vided with  branches 

5,000 

0 14  0 
(labour  on 
beds) 

0 12  3 
(p'tcipi- 
ti.nt) 

M 


Table  I. — 


Nature 

Number  or 

Average 

of 

names  of  the 

or 

Measurement 

Depth 

Installa- 

beds. 

working 

of  the 

N» 

Name  of  town  or 

tion. 

area  of 

surface  of 

bed*. 

district. 

the  beds. 

the  bed*. 

P. — Per- 
manent. 

P.— Primarv. 

?. — Tcm- 

8.— Secondary 

Square 

Feet. 

Feet. 

porary. 

T.— Tertiary. 

lent. 

1 

2 

3 

4 

a 

29 

Liverpool 

P. 

1 P 

70*5  x 29*3  j 

28  j 

(West  Derby 
sewage  farm) 

1A.  S 

... 

80-6  X 28-3 

J 

2 P 

70-5  x 29-3 

3 

2A.  S 

... 

80-6  X 28-3 

3 

3 P 

... 

70-5  X 29-3 

3 i 

3a.  S 

... 

80-6  X 28-3 

3 

1 

30 

Manchester  ... 

r.T. 

Roscoe  coke 

225 

12-5  x 18 

3 (l 

Roscoe  cin- 

225 

12-5  X 18 

3 

der 

Carbon- 

225 

12-5  X 18 

2*3 

aceous 

ironsand 

Spent 

225 

12-5  X 18 

3 

pyrites 

Fine  cinder 

225 

12-5  X 18 

,5 

Rough  cin- 

6048 

,,, 

der 

A 

>71-6  \ 

each 

3 

33-5  x 33-5, 

B 

571-6  f 

17-5  X 17-5  at 

3 

C 

571-6 

bottom 

3 

D 

5716 

3 

E 

56-3 

12  X 12. 

3 X 3 at  bot- 

3 

tom 

Stoddart’s 

144 

... 

6 

] A 
2 A 

...  ( 
...  ) 

165  x 134-25 

3§ 

Septic 

294 

4 

system 
(6  beds) 

each 

J acre  beds 

1 to  10 
13  to  18 
22  to  27 
33  to  38 
41  to  48 

21.78( 

each 

Storm-bed  i- 

1 to  15 

3 

7.026 

... 

25 

each 

Material  *o4  «>*  of 
the  material  ‘A  which 
the  bed*  are  Ovmpowsd 


Burnt  clay,  3-incb 

j Coke,  3-inch 

Ballast  

Red  sandstone,  3-;n 
! Coke  breeze,  small 
l size 

Ordinary  gas  coke, 
2-inch 

Sand  and  gravel  ... 


| -inch 

Coke  or  cinder  un- 
der 5-inch 
Coke  or  cinder  un- 
der I ^ -inch 
Rough  clinker 

Ironsand 

Rubble  

Burnt  pyrites,  |-in. 
Burnt  pyrites,  1 -in. 
Burnt  pyrites,  large 
Clinkers,  |-inch  ... 

Rubble  

Boiler  clinkers  ... 

Clinker,  1 to  3-inch. 
Afterwards  J to 
(-inch 

Clinker,  } to  1-inch 
Clinker,  i to  5 -inch 
Clinker,  | to  4-inch 
Clinker,  \ to  |-inch 


Coke.  3 X 2-inch... 
Clinkers,  3 X 2-inch 
( Clinkers,  Tss-inch 
) Clinkers,  large 


Clinkers.  - in- 
large  clinkers  over 
drains 


Unscreened  clin- 
kers, large  clin- 
kers over  drains 
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continued. 


Thickness  of 
each  layer 
of  material, 
arranged  in  their 
order  in  the 
beds, 

from  the  top 
downwards. 

Method  of  under-draining  the 
beds. 

Actual 

or  estimated  cost 
of  making  the 
beds. 

Actual  or 
estimated  cost  per 
acre  of  making 
the  beds. 

Cost  of 
treating 
sewage  per 
million 
gallons. 

9 

10 

11 

12 

1J 

Not  graded  ... 

'l 

£ 

£ 

£ 8.  d. 

14  inches 
18  inches 
Not  graded 

JJ 

» 

6-inch  main  with  3-inch 
collecting  drains 

IJ 

3 inches 
6 inches 

6 inches 

9 inches 

{ Open  drain  pipes  and  land 
I drain  tiles 

12  inches 
24  inches 
6 inches 

6 inches 
24  inches 
6 inches 
24  inches 
6 inches 

This  bed  was  reduced  to  2- 75 

Grips  in  land  filled  with 
bricks 

The  material  of  this  bed  was 

feet  in  depth  o 

taken  out,  brok 
June,  1899 

n 7 Dec.,  1900 
en  and  re-screen 

ed  in 

... 

6-inch  and  2-inch  pipes  in 
channels  in  bottom  of  tanks. 
Pipes  surrounded  by  coarse 
material. 

Bed  D was  reduced  to  2 feet 

in  depth  on  21 

March,  1900 

2 0 0 
estimated 

12  inches 
5 feet 
28  inches 
12  inches 

j 12-inch  pipes  in  grooves  in 
| bottom  of  tanks 

17-56 

3216 

(labour  and 
material) 

3,350 

(actual) 

... 

Radial  channels  covered  with 
perforated  fire-clay  slabs 

... 

2,550 

(actual) 

Brick  under-drains  on  con- 
crete foundation,  covered 
with  open-jointed  fire-clay 
slabs 

... 

1,655 

(actual) 

M 


q 


Table  I. — 


Nature 

Number  or 

Average 

of 

names  of  the 

or 

Depth 

Name  of  town  or 

Installs- 

bods. 

working 

Material  and  nz*  of 

No 

tion. 

area  of 

surface  of 

of  the 

tbs  material  of  wtiot 

dintrict. 

P.— Per- 

the  beds. 

the  beds. 

beds. 

the  bed.  are 

manent. 

P. — Primary. 

T. — Tcm- 

8.— Secondary 

Square 

porary. 

T. — Tertiary. 

feet. 

Feet. 

Feet. 

2 

3 

4 

5 

6 

7 

1 

31 

Middleton  ... 

P. 

1 and  2 ... 

22,230 

62-5, 

3 

Clean  riddle  1 { 1-in. 

59‘5  at 

mill  < 

bottom 

cinders  [3-in. 

32 

Nelson 

r. 

1 P 

49,500 

('total) 

116  X 80 

3 

2 P 

93  X 80 

3 

I 

3 P 

4 P 

116  X 80 
93  X 80 

3 

3 

s. Coarse  clinkers 

1 

5 P 

116  X 85 

3 

6 P 

86  X 85 

3 i 

) 

33 

Oldham 

r. 

1 

118  X 89 

25 

\ 

2 

... 

139  x 89 

2} 

3 

... 

139  X 89 

2* 

4 

... 

139  X 89 

2-4 

5 ... 

... 

157»  X 93 1 

24 

6 

... 

1554  X 894 

24 

7 

... 

1554  X 89  \ 

24 

Screened  furnace 

8 ... 

... 

132  X 101J 

2 

) ashes  about  }-in. 

9 

... 

132  x 1004 

14 

10 

... 

161  X 17 

24 

11 

161  X 68 

2 

12 

13,338 

... 

24 

13 

... 

145  X 95 

3 

14 

... 

136  X 95J 

3 

lb...  ... 

16 

18 

17... 

19  to  22  ... 

... 

... 

3 

Crushed  and 

... 

... 

screened  clinker 

(added 

since  April, 
11  11 

’02) 

from  refuse 
destructor 

34 

Ormskirk 

P- 

3 

2,400 

(each) 

... 

3*5 

Coke  breeze 

35 

Oswestry 

p. 

9 P 

... 

60  X 60, 
51  X 51  (at 

H 

Cinders.  § to  1 J -inch 

botto 

m) 

9 S 

... 

60  X 50. 

44 

Cinders.  3 to  1-inch 

51  X 41  (at 

botto 

m) 

36 

Oldbury 

4 P 

50,535 

(total) 

3-25 

1}  to  3-inch 

18  S 

29,943 

(total) 

325 

13  to  § -inch 

37 

Reigate 

T. 

Primary 

450 

21‘25  square 

35 

Broken  bricks,  coke 

coarse 

ar.d  cinder. 
3 to  14 -inch 

14  tog-inch 
4 to  T’s-inch 

Secondary 

450 

24  diameter 

35 

Broken  bricks  and 

fine 

(circular) 

coke.  4 to  -I, -inch 

4 to  T'5-inch 
Polaritcd  clinkers 

• 

4 to  iVh'ch 

33 

Rochdale 

T. 

O 

1 ,800 

48  diameter 

9 

Gas  coke,  above  14- 

(each) 

inch 
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continued. 


Thickness  of 
each  layer 
of  material, 
arranged  in  their 
order  in  the 
beds, 

from  the  top 
downwards. 

Method  of  under-draining  the 
beds. 

Actual 

or  estimated  cost 
of  making  the 
beds. 

Actual  or 
stimated  cost  per 
acre  of  making 
the  beds. 

Cost  of 
treating 
sewage  per 
million 
gallons. 

9 

10 

ii 

12 

13 

2 feet  6 inches  j 
6 inches  j 

9-inch  central  drain  and  4- 
inch  unsocketed  perforated 
drain  pipes  arranged  herrin 

£ 

1,145 

g bone  fashion 

£ 

2,290 

£ S.  d. 
2 10  2} 

One  grade  only 

Barthenware  pipes 

... 

3,000 

Material  is 
not graded  in 
the  beds,  but 
larger  pieces 
have  been 
arranged 
round  under- 
drains 

Two  rows  of  unsocketed 
earthenware  pipes 

1 16  11 

Mains  E.S.P 

Wing  drains  4-inch  land  tiles 

60 

1,089 

Not  graded  ... 

j 3-inch  agricultural  drain 
pipes  which  lead  into  brick 
channels 

2,100 

Cost  of  per- 
manent works, 

1.615 

1 12  6 
(including 
sludge 
disposal) 

1 foot  6 inches 
1 foot  6 inches 
6 inches 

) 

/•  Agricultural  tiles 

9 inches 
9 inches 

I foot  6 inches 

) Bricks  laid  as  stretchers 
> with  headers  above  4-inch 
\ open  joints 

Uniform 

throughou 

Perforated  semi-circular  18- 
inch  pipes  laid  on  bricks  on 
a concrete  floor 

( for  cc 
1 beds  ,i 

(about)  6,000 
nst  ruction  of  1 
nd  coke  only  ( 

4 0 0 
(estimated) 

1GG 


Table  I. — 


Nature 

Number  or 

Average 

of 

names  of  the 

or 

Depth 

Material  and  fire  of 

Instulla- 

beds. 

working 

No 

Name  of  town  or 

tion. 

area  of 

surface  of 

of  the 

the  mav-riai  of  which 

district. 

P.— Per- 
manent. 

r. — Primary. 

the  beds. 

the  beds. 

beds. 

the  beds  are  oompemod. 

T.— Tern- 

S.— Secondary 

Square 

1 

porary. 

T. — Tertiary. 

feet. 

Feet. 

Feet. 

1 

o 

3 

4 

5 

6 

7 

8 

39 

Salford 

P. 

Boughing 

• 

3 

Gravel,  fine 

beds 

T. 

1 to  14  ... 

126 

... 

5 A:  8 

Cinder  6 to  2-inch 

40 

Sheffield 

T. 

3 P 

46,000 

(total  of  3) 

5 

Coke 

3 S 

40,500 

(total  of  3) 

31 

Coke 

41 

Southport 

T. 

2 coarse  ... 

900 

) 30  x 30, 

3 

Coke,  1-inch 

teach') 

V 24  x 24  at 

1 fine 

900 

) bottom 

3 

Coke,  j-inch 

42 

S win  ton  and 

P. 

10  P. 

75  x 75 

3-25 

Rough  clinkers  ... 

Pentlebury 

10  S. 

... 

75  X 75 

... 

Cinders  above  i-in. 
Cinders  above  |-in. 

Cinders,  1 to  |-inch 

43 

Wolver- 

T.P. 

1 

810 

4-25 

Slack  

hampton 

2 

4,600 

... 

4-25 

Furnace  ashes,  rsg 

to  1 J-inch 

44 

Wednesbury... 

T. 

P. 

... 

... 

3 

Furnace  clinkers, 

2 to  1-inch 
j to  f-inch 
J to  (-inch 

S 

... 

... 

5 

Coal,  f-inch 

Coal,  1-inch 

Coal,  § to  J-inch  ... 
Coal,  to  j^-inch 

Fine  dust 

S 

... 

5 

Granite,  same  size 

as  coal  bed 

45 

West  Bromwich 

P. 

Single 

2,520 

60  X 42 

3 

Engine  ashes, 

contact 

1 to  2-inch 

P. 

7,200 

120  X 60 

35 

„ 1 to  2-inch 

S 

7,200 

120  X 60 

3 

„ J to  J -inch 

46 

Worcester  ... 

3 

... 

80  X 3 

2 

Furnace  ashes,  1 to 

2>5-inch 

47 

York 

T 

1 

800 

40  X 20 

3 

I Clinker,  cinder  i 

2 

800 

40  x 20 

3 

> and  coke,  | to  ■[ 

3  

4  

800 

800 

40  X 20 
40  x 20 

3 

3 

1 1 J-inch  | 

T 

1A 

... 

90  X 30 

2-75 

Clinker,  cinder  and 
coke.  1 J to  3 -inch 

2A 

90  X 30 

2'75 

,.  | to  J-inch 

T 

Lai  Ider  filter 

compos- 

4 X 3VV 

2 

Clinker 

ed  of  10  cli 

ambers 

„ J to  24-inch 

T 

York  filter 

(circular 

) 67-5  dia. 

6-5 

T 

Gravel  ... 

191  X 111 

3 

Clean  gravel,  coarse 

„ J-inch 

,,  4 “inch 

,,  J-inch 

„ 14 -inch 
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continued. 


Thickness  of 
each  layer 
of  material, 
arranged  in  their 
order  in  the 
beds, 

from  the  top 
downwards. 

Method  of  under-draining  the 
beds. 

Actual 

or  estimated  cost 
of  making  the 
beds. 

Actual  or 
stimated  cost  per 
acre  of  making 
tlie  beds. 

Cost  of 
treating 
sewage  per 
million 
gallons. 

9 

10 

11 

12 

13 

£ 

of  chemical 

£ 

7,000 

precipitation  & 

£ S.  d. 
0 16  0 
(exclusive 
pumping) 

Uniform 

By  6 - inch  open  - jointed 
earthenware  pipes 

250 

(approximately) 

12  inches 
9 inches 
6 inches 
12  inches 

Uniform 

» 

6 inch  channels  covered  with 
perforated  inverts 

... 

7.000 

3.000 

24  inches 
6 inches 
6 inches 
3 inches 
3 inches 
24  inches 
24  inches 
6 inches 

Not  graded  ... 

No  under  drains  in  any  of 
the  beds.  Valves  fixed  at 
the  side  for  emptying 

400 

600 

600 

... 

No  under  drains 

3 layers,  the 
largest 

material  at  the 
bottom. 

) Layers  of  coa 
r material  at 
) the  top 

raer 

4£  inches 
44  inches 
9 inches 
9 inches 
9 inches 

1C8 


Table  II. — Particulars  an  to  the 


Cfarin-cilt  •ibti  for 
treating  tt*  * vag« 
previoun  to 
bacterial  treatment. 

No. 

Name  of  town 
or  district. 

Time  during 
which  the  beds 
were  in  use. 

Nnme  or 
number  of 
the 

bed  used. 

Character  of  the  liquid  supplied 
by  the  beds. 

Name 

of 

chemical. 

Grain* 

per 

CHIMi 

of 

oewage. 

14 

15 

16 

17 

18 

19 

V) 

1 

Accrington  ... 

Aug.,  ’99,  to 
date 

... 

Screened  sewage  which  lias 
passed  through  a detritus 
chamber  and  which  has 
afterwards  passed  through 
septic  tanks 

... 

... 

2 

Aldershot 

Crude  sewage  after  having 
passed  through  a small 
detritus  chamber.  No 
screening.  Storm  water 
is  separate  from  sewage 

3 

Acton 

... 

... 

... 

... 

4 

Aylesbury  . . . 

... 

... 

Sewage  which  has  previously 
passed  through  a settling 
tank 

... 

5 

Barnsley 

During  the 
last 

12  months 

1,  2 and  3 

Only  night  water  which  has 
previously  passed  through 
a septic  tank  is  treated,  not 
sewage.  Road  detritus  and 
sand  are  separated  from 
the  liquid 

Lime 

and 

alumino- 

ferric 

e 

Birmingham... 

Less  than 
six  months 
{April,  ’02) 
Over  six 
months 
(March,  ’03) 

1 to  8 

1 and  2 
Percolat- 
ing 

Storm  water  and  excess 
sewage  from  Rea  main 
sewer 

Septic  water  from  septic 
tanks 

None  ... 

... 

7 

Blackburn  ... 

Two  years 

... 

Screened  sewage  which  has 
been  from  12  to  16  hours 
in  the  septic  tank 

... 

... 

8 

Bloxwich  dis- 
trict of  Wal- 
sall 

... 

... 

Sewage  which  has  passed 
through  a septic  tank 

... 

... 

9 

Bristol — 

At  Knovvle... 

Three  years 

... 

Sewage  which  has  passed 
through  a septic  tank 

... 

At  St.  John’s- 
lane 

Three  years 

... 

Sewage  which  has  passed 
through  a septic  tank 

• •• 

• •• 

1G9 


Working  of  the  Bacteria-beils. 


N umber  of  hours 

Number 

•f 

contacts 

Quantity  of  sewage 
treated  in  24  hours,  per 
acre  of  bed,  one  foot  deep. 

Calculated  for  the 
purpose  of  comparison. 

Gallons. 

27 

Average  percentage 
purification  effected 
on  the  crude  sewage, 
as  measured  by  the 
relative  results  of  the 

during 
which 
the  beds 
remained 
full  (con- 
tact 

period). 

22 

during 
which  the 
beds 

remained 

empty 

(aeration 

period). 

24 

Number 

of 

fillings 
24  Lours. 

25 

sewage  and  in  the 
final  effluent 

occupied 

in 

filling 
the  beds. 

SI 

occupied 

in 

emptying 
the  beds. 

23 

in  suc- 
cessive 
beds. 

26 

of 

oxygen 
absorbed 
in  4 hours 
at  80“  F., 
unless 
otherwise 
stated. 
28 

of 

albu- 

minoid 

ammonia. 

29 

Contin 

Spink 

uously 
lers  are 

worke 

used 

d 

... 

i 

215,111 

90-0 

(at70°F) 

91-3 

... 

Second 

contin 

ary  bed 
uous  flo 

s worke 
w princ 

d on 
iple 

2* 

2 

Primary  beds  deal 
with  about  500,000 
gallons  per  day 
Secondary  beds  deal 
with  about  130,000 
gallons  per  day 

763 

911 

71-0 

89-3 

Contin 

Whitta 

aous  m 
ker  and 

ethod 

Bryants 

sprinkl 

ers  are 

used 

About  372,300 

691 

77*3 

Varies 
according 
to  flow 
from  the 
town 

2 

J and 
1 

2 

A minimum  quan- 
tity of  250,000  gal- 
lons to  the  six  coke- 
breeze  beds  (about 
4 acre)  per  day 

(60  to  80 
purific 
effecte 

per  cent, 
ation  is 

d) 

Depends 
upon  the 
night 
flow  and 
weather 

i 

1 

2 

7 

3 

12 

i 

1 

Varies 

53'5 

... 

... 

... 

... 

... 

... 

86-9 

74-2 

88'9 

76.9 

Va 

ried  du 
expert 

ring  th 
ments 

e 

2 & 3 

2 

... 

75  to  80 

971 

1 

2 

1 

3 

2J 

2 

... 

96*8 

97-7 

Contin 

uous  pr 

ocess 

... 

1 

1,048,666 

Stoddart  distributor  used 

Contin 

nous  pr 

ocess 

... 

1 

204,893 

Candy  Caink  distributor 
used 

170 


Table  II. — 


No. 

14 

Name  of  town 
or  district. 

15 

Time  during 
which  the  bed? 
were  in  use. 

1G 

Name  or 
number  of 
the 

bed  used. 
17 

10 

Burnley — 

months. 

Duck  pits 

40 

1 P 

(septic  tanks) 

42 

2 P 

and  Wooden  d 

21 

3 P 

works  (beds) 

26 

4 P 

33 

5 P 

13 

6 P 

6 

12  P 

62 

18  P 

32 

14  S 

12 

15  S 

26 

16  S 

20 

17  S 

38 

19  S 

47 

22  S 

l 

46 

23  S 

3 

26  S 

11 

Burslem 

... 

12 

Bury 

Since  Mar., 

1900 

13 

Cambridge  ... 

... 

... 

14 

Carlisle 

2 years  ... 

... 

15 

Croydon 

2 years  ... 

• . . 

1G 

Darwen 

About  3 

1 to  5 

year  8 

17 

Epsom 

... 

... 

Character  of  the  liquid  supplied 
by  the  beds. 


IS 


\ 


i Septic  tank  effluent 


/ 

\ 


> First  contact  bed  effluent 


Sewage  which  has  been 
screened  and  passed  through 
a septic  tank 

Sewage  which  has  passed 
through  a screening  tank 
and  been  chemically 
treated  and  sedimented 

Storm  flow  more  especially 

Sewage  which  has  been 
screened 


Sewage  which  has  been 
screened  and  settled 

Sewage  which  has  passed 
through  a precipitation 
tank  to  remove  as  much 
solid  matter  as  possible 

In  one  case  sewage  from  a 
septic  tank,  and  in  the 
other  case  sewage  from 
land 


Chemical*  used  for 
treating  tine 
praviou*  to 
bacterial  treatment. 


Grain* 

Name  per 
of  gallon 
chemical.  of 

»e»age. 


19  20 


’ Lime 


0-21 


Ferro- 
zone  or 
alumino- 
ferric 


6 to  7 


Alu-  7 
mino-  ! • 

ferric 
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continued. 


Number  of  hours 


occupied 
in 
fillin 
the 


Img 

beds. 


21 


3 (per 
acre) 


11 

Strea 

U 

Night 


during 
which 
the  beds 
remained 
full  (con- 
tact 
period) . 


occupied 

in 

emptying 
the  beds. 


23 


11 


ming  m 
2 

sewage 


2 

hours 


during 
which  the 
beds 

remained 

empty 

(aeration 

period). 


24 


Number 

of 

fillings 

per 

24  hours. 

Number 

of 

contacts 
in  suc- 
cessive 
beds. 

Quantity  of  sewage 
treated  in  24  hours,  per 
aore  of  bed,  one  foot  deep. 

Calculated  for  the 
purpose  of  comparison. 

Gallons. 

25 

26 

27 

21 

(1  acre 
beds) 

31 

(1  acre 
beds) 


ethod 


is  treat 
these 


11 


3 

(mini- 

mum) 


11 


of  supp 


ed  conti 
beds 


21 


ly  to  b 
3 

nuously 


eds 


96,800 


242,000 


333,333 


223,926 

(by  coarse  bed  and 
land) 

(by  experimental 
bed,  4-in.  mesh) 
(by  experimental 
bed,  g’ij-in  mesh) 

169,500 


333,333 


Average  percentage 
purification  eifected 
on  the  crude  sewage, 
as  measured  by  the 
relative  results  of  the 
estimations  in  raw 
sewage  and  in  the 
final  effluent 


of 

oxygen 
absorbed 
in  4 hours 
at  80°  F., 
unless 
otherwise 
stated. 
28 


of 

albu- 

minoid 

ammonia. 


29 


63-7 

63- 1 
59'1 

64- 3 
57-7 

57- 1 

58- 5 
63-7 
83-4 
83-8 
83-8 
90 '0 
85-9 
86  6 
83-8 
87-2 


39-8 
(by  coar 
47-5 

58 

79 


54-5 


679 

63-7 

55-9 

65'5 

58'9 

61-9 

61-5 

54-0 

84-0 

83-9 

86-8 

83-3 

87- 4 

88- 5 
88-6 
73-3 


42 
se  bed) 
49 

55 

76'5 

53-3 


172 


Table  II.— 


Oirm  r slt  for 

treating  th/r  aewage 

glorious  to 

bacterial  treatment . 

No. 

Name  of  town 
or  district. 

Time  during 
which  the  beds 
were  in  nse. 

Name  or 
number  of 
the 

bed  used. 

Character  of  the  liquid  nuppVieA 
by  the  beds. 

Name 

Graim 

per 

of 

rai  Pm 

chemical. 

of 

H 

14 

15 

16 

17 

18 

19 

20 

18 

Evesham 

6 months 
(Feb.,  ’03) 

... 

... 

None 

used 

19 

Glasgow 

• •• 

• •• 

Open  septic  tank  effluent 

None  ... 

derived  from  crude  sewage 

containing  a large  quantity 
of  trades  effluent  of  a 

variable  nature 

20 

Haslingden, 

Sewage  which  had  been 

Rawtenstall 

screened  and  which  had 

and  Bacup 

passed  through  a septic 
tank 

21 

Hey  wood 

... 

... 

Sewage  from  septic  tank  ... 
Sewage  which  had  been 

... 

— 

chemically  precipitated  ... 

22 

Huddersfield... 

10  Aug. ,’98, 

Coarse ... 

Sewage  which  had  passed 

... 

to  23  Jan.. 

through  a zinc  plate  with 

’00 

jJj-inch  perforations 

Fine  ... 

Effluent  from  coarse  bed  ... 

... 

... 

14  months 

7 

Sewage  which  had  been 

Lime  ... 

3’5 

(1903) 

chemically  treated  and 

Sulphate 

2’9 

(Some  of 
the  beds  4§ 

sedimented 

of  iron 

years) 

Sewage  which  had  passed 

2 j years  ... 

Coarse ... 

... 

... 

successively  through  a 
screen  of  1-inch  mesh,  a 

small  detritus  tank,  and  a 
septic  tank 

Fine  ... 

Effluent  from  coarse  bed  ... 

... 

... 

9 months... 

Trickling 

Sewage  which  had  passed 

... 

• m. 

successively  through  a 
1-inch  screen,  a small 
detritus  tank  and  a septic 

tank 

2:i 

Hyde 

3 years  .. 

Crude  sewage  which  had 

None  ... 

... 

passed  through  the  septic 
tank 

24 

Keighley 

18  months 

Sewage  which  had  passed 

None  ... 

... 

through  detritus  and  sedi- 
mentation tanks 

continued 


Number  of  hours 

Number 

of 

contacts 

Quantity  of  sewage 
treated  in  24  hours,  per 
acre  of  bed,  one  foot  deep. 

Average  percentage 
purification  effected 
on  the  crude  sewage, 
as  measured  by  the 
relative  results  of  the 
estimations  in  raw 
sewage  and  in  the 
final  effluent 

dunng 
which 
the  beds 
remained 
full  (con- 
tact 
period). 

22 

during 
which  the 
beds 

remained 

empty 

(aeration 

period). 

24 

Number 

of 

fillings 

per 

24  hours. 
25 

occupied 

in 

filling 
the  beds. 

SI 

occupied 

in 

emptying 
the  beds. 

23 

in  suc- 
cessive 
beds. 

26 

purpose  of  comparison. 

Gallons. 

27 

of 

oxygen 
absorbed 
in  4 hours 
at  80°  F., 
unless 
otherwise 
stated. 
28 

of 

albu- 

minoid 

ammonia. 

29 

4 

3 

3 

3 

1 

i 

86,000 

i 

2 

1 

2 to  3 

1 to  3 

2 

36,814 

One  filling  daily 

95 

90-6 

3 

Parti}- 

meth 

1 

on  the 
od 

1 

contin 

... 

14 

uous 

2 

1 

... 

86 
79-6 
(Purific 
c a lcul 
the  sep 
effluen 
60 

90 

87-1 

ation  is 
ated  on 
tic  tank 

t) 

1 

2 

1 

2 

2 

83,733 

(1st  contact) 

1 

1 

2 

1 or  2 

1 

1 

... 

2 

3 

2 

2 

268,000 
(1st  contact) 

79 

(2nd  co 

88 

80 

ntact) 

88 

1 

1 or  2 

1 

3 

2 

230,000 
(1st  contact) 

1 

1 or  2 

1 

3 

2 

351,000 
(2nd  contact) 

85 

84 

The  :-ep 

tic  tew 
bed  16 

age  is  f- 
hours 

prinkle 
out  of  1 

d on  to 
he  24 

the 

200,000 

84 

(estimal 

solved 

only) 

85 

ed  ondis- 
m a t ter 

f'ontin 

uous 

... 

... 

... 

... 

2,178,000 

85-7 

90 

Varied 

... 

... 

2 

! 126,000 
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Table  II. — 


No. 


14 


25 


2G 


| Ohi-m  cjU  ueed  for 
treating  tire  w.age 
pxvnotu  to 
baoteria!  treatment. 

Nome  of  town 
or  district. 

15 

Time  during 
which  the  beds 
were  in  use. 

16 

Name  or 
number  of 
the 

bed  used. 
17 

Character  of  the  liquid  supplied 
by  the  beds. 

18 

Name 

of 

chemical. 

19 

Grains 

per 

gallon 

of 

isevag*. 

io 

Kettering 

About 
4 years 

... 

Sewage  which  has  passed 
through  precipitation 

tanks 

None  ... 

... 

Leeds 

2 Oct.,  ’97 
to 

No.  1 
coar3e 

Sewage  screened  by  vertical 
bars  1 inch  apart 

None  ... 

... 

2 Feb.,  ’98 

No.  2 fine 

... 

... 

... 

18  Feb.,  ’98 
to 

3 Mar.,  '98 

Sewage  which  had  been 
chemically  treated  and 
sedimented 

Lime  ... 

4 Mar.,  ’98 
to 

8 Sept.,  ’98 

»» 

Sewage  which  had  passed 
through  a fine  screen  with 
holes  l inch  diameter 

None  ... 

*Incre 

fBedu 

9 Sept.,  ’98 
to 

18  Nov..  ’98 

V 

Sewage  which  had  been 
settled 

None  ... 

... 

2 Dec.,  ’98 
to 

6 Jan.,  ’99 

1,  2,  3,  4 

Sewage  which  had  been 
settled 

Lime  ... 

2-8 

7 Jan.,  ’99 
to 

1 June,  '00 

1,  2.  3,  4, 
5,  6 

Sewage  from  which  the  grit 
had  been  settled 

None  ... 

... 

8 Mar.,  '99 

7 

Sewage  which  had  been 
chemically  treated  and 
sedimented 

Lime  ... 

... 

20  Mar.,  ’99 

8 

Sewage  which  had  passed 
through  a septic  tank 

... 

... 

22  (Sept.,  ’99 
to 

16  June,  ’00 

1,  2,  3,  4, 
5,  6 

Sewage  which  had  passed 
through  the  closed  septic 
tanks 

None  ... 

9 Mar.,  ’99 
to 

12  May,  ’00 

Whit- 
taker 
No.  1 

Sewage  which  had  passed 
through  No.  1 open  septic 
tank 

2 Sept.,  ’99 
to 

30  June,  ’00 

Whit- 
taker 
No.  2 
1,  2 & 3 
continu- 
ous 

Sewage  which  had  passed 
through  No.  1 open  septic 
tank 

Sewage  which  had  been 
screened  (mesh,  37  per1 
inch) 

... 

29  Mar.,  '00 
to 

7 July,  ’00 

Ducat 

Sewage  which  had  been 
screened  (-,3C  inch  semen) 
and  which  had  passed 
through  a small  grit 
chamber 

continued, 


Average  percentage 
purification  effected 

>’  umber  of  hours 

on  the  crude  sewage. 

as  measured  by  the 
relative  results  of  the 

Number 

Quantity  of  sewage 
treated  in  24  hours,  per 

Number 

sewage  and  in  the 

dunng 

during 
which  the 
beds 

remained 

empty 

(aeration 

of 

fillings 

contacts 

acre  of  bed,  one  foot  deep. 
Calculated  for  the 

final  effluent 

in  sue- 

of 

oxygen 
absorbed 
in  4 hours 
at  80°  F., 

occupied 

in 

filling 
the  beds. 

which 
the  beds 
remained 
full  (con- 
tact 

occupied 

in 

emptying 
the  beds. 

24  hours. 

cessive 

beds. 

purpose  of  comparison. 

of 

albu- 

.minoid 

period). 

period) . 

Gallons. 

unless 

otherwise 

ammonia. 

stated. 

11 

22 

33 

24 

25 

26 

27 

28 

29 

3 

i 

2 to  3 

1 

2 or  3 

1 

31,250 

50 

35 

(varies) 

(varies) 

( Purific 
tank  ef 

at  ion  of 
fluent) 

1 

2 

1 

4 

3 

2 

(No.  12  precipitation 

tank  used) 

1 

2 

1 

4 

3 

2 

(No.  11  precipitation 

82-3 

73-6 

tank  used) 

I 

2 

1 

4* 

3f 

2 

ased  to 

averag 

e of  8 

hours 

during 

the  exp 

erimental  period 

1 

2 

1 

4* 

3f 

2 

84 

86 

ced  to 

2 filline 

s per  cl 

av  duri 

ns  the 

experi 

mental  period 

1 

2 

1 

8 

2 

2 

... 

8S-6 

86-6 

aver- 

age 

... 

... 

3 

2 

92 

87 

... 

2 

3 

... 

... 

77 

62 

... 

2 

... 

3 

1 

... 

74 

63 

... 

... 

... 

11 

... 

... 

90 

86 

Co 

ntinuou 

s meth 

Oil 

83 

73 

(Purific 

ation  of 

septic 

Hi  uen  t) 

Co 

ntinuou 

s meth 

od 

85 

82 

(Purific 

ation  of 

Co 

od 

septic  e 

flluent) 

ntinuou 

* meth 

... 

78 

71 

Work 

incj  altc 

mate  h 

ours 

91  to  97 

83  to  96 

for  10 

j hours, 

rest  14 

hours 
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No. 


14 


27 


28 


29 


Chr m eal*  used  ! jr 
trotting  tii*  & .*#._■ 
previotu  to 
bacterix]  treatment. 

Name  of  town 
or  district. 

15 

Time  during 
which  the  beds 
were  in  use. 

IS 

Name  or 
number  of 
the 

bed  used. 
17 

Character  of  the  liquid  iupplied 
by  the  beds. 

IS 

X«n* 

of 

chemical. 

19 

Cnim 

per 

gilion 

of 

sewage. 

90 

Leicester 

24  Oct.  to 
10  Not., ’98 

1 P 

Sewage  which  had  passed 
through  an  open  detritus 

... 

11  Nov.  to 
26  Nov., ’98 

1 P 

Sewage  which  had  passed 
through  a closed  detritus 
tank 

... 

... 

1 Sept,  to 
10  Nov., ’98 

... 

Sewage  which  had  passed 
through  an  open  detritus 
tank  and  an  open  settling 
tank 

11  Nov.  to 
6 Dec.,  ’98 

Sewage  which  had  passed 
through  a closed  detritus 
tank  and  an  open  settling 
tank 

7 Dec., ’98  to 
22  July, ’99 

... 

Sewage  which  had  passed 
through  a closed  detritus 
tank 

24  July  to 
16  Sept., ’99 

... 

Sewage  which  had  passed 
through  a closed  detritus 
tank  and  a closed  septic 
tank 

... 

19  Sept,  to 
13  Oct., ’99 

... 

Sewage  which  had  passed 
through  a closed  detritus 
tank 

... 

! 

28  Nov., ’98 
to 

19  July ’99 

1 P 

Sewage  which  had  passed 
through  a closed  detritus 
tank 

20  July  to 
2 Sept.,  ’99 

\ 

Sewage  which  had  passed 
through  a closed  detritus 
tank  and  closed  septic  tank 

... 

4 Sept,  to 
16  Sept., ’99 

1 P,  1 and 
2 S 

Sewage  which  had  passed 
through  a closed  detritus 
tank  and  closed  septic  tank 

... 

1 9 Sept,  to 
13  Oct., ’99 

... 

Sewage  which  had  passed 
through  a closed  detritus 
tank 

... 

j Lincoln 

• •• 

Sewage  which  had  been 
chemically  treated  and 
sedimented  (12  hours'  set- 
tlement) 

Alu- 

mino- 

ferric 

3*5 

| Liverpool 
■ (West  Derby 
Sewage  Farm) 

June,  1899 
to  date 

All 

Crude  sewage  

None 

continued. 


1 ! I 


occupied 

in 

filling 
the  beds. 

51 

X umber 

during 
which 
the  beds 
remainec 
full  (con- 
tact 
period). 

22 

of  hours 

occupied 

in 

the  beds. 
23 

during 
which  the 
beds 

remained 
empty 
(aeration 
period) . 

24 

Number 

of 

fillings 
24  Lours. 

25 

Number 

of 

contacts 
in  suc- 
cessive 
beds. 

26 

Quantity  of  sewage 
treated  in  24  hours,  per 
acre  of  bed,  one  foot  deep. 

Calculated  for  the 
purpose  of  comparison. 

Gallons. 

27 

Average  percentage 
purification  effected 
on  the  crude  sewage, 
as  measured  by  the 
relative  results  of  the 
estimations  in  raw 
sewage  and  in  the 
final  effluent 

of 

oxygen 
absorbed 
in  4 hours 
at  80°  F., 
unless 
otherwise 
stated. 
28 

of 

albu- 

minoid 

ammonia. 

29 

2 

2 

3 

3 

i 

... 

1 

2 

2 

3 

3 

i 

... 

1 

9 

2 

3 

1 & 3 

i 

(1 

filling 

daily  fo 

r first 

12  days  only) 

1 

2 

2 

3 

3 

1 

... 

1 

2 

2 

3 

3 

1 

... 

1 

2 

2 

3 

3 

1 

... 

1 

2 

1 

2 

4 

1 

... 

1 

2 

2 

3 

3 

2 

... 

90-2 

831 

1 

2 

2 

3 

3 

2 

... 

897 

79-9 

1 

2 

2 

3 

3 

3 

... 

89-6 

83-7 

1 

2 

1 

2 

4 

3 

... 

91-3 

867 

2 

2 

2 

2 

3 

2 

209,234 

I 

2 

i 

Varies 

1 to  3 

2 

60.000 

from 
2 to  8 

(average) 

N 
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Tabu:  11. — 


No. 

14 

Name  of  town 
or  district. 

15 

Time  during 
which  the  beds 
were  in  use. 

16 

Name  or 
number  of 
the 

bed  used. 
17 

Character  of  the  liquid  supplied 
by  the  beds. 

• 

18 

Ohtm’cali 
trvaUng  0 
preru 
bacterial  t 

Name 

of 

chemical. 

19 

used  for 
lie  aewage 

tuto 

reaUmmt. 

Grains 

per 

gallon 

of 

sewage. 

» 

30 

Manchester  ... 

Dec.,  1895  to 

Roscoe 

“Chemical”  effluent 

\ 

Dec.,  1900 

Dec.,  1900  to 

... 

Dec.,  1902 

11  Jan..  ’00 

Iron  sand 

toll  July '01 

bed 

22  Mar.’OOto 

Fine 

27  Mar.  ’01 

Cinder 

27  Mar.’Ol  to 

Lime 

217 

24  Dec.,  ’02 

Sul- 

117 

29  June,  ’99 

Rough 

» » 

) phate 

Cinder 

of 

29  Mar.  to 

,.  .,  and 

iron 

30  May,  ’00 

storm  water 

13  June,  ’00 

“Chemical”  effluent  and 

to  27  Mar  ’01 

storm  water 

27  Mar.’Ol  to 

24  Dec.,  ’02 

25  Aug.,  ’00 

Burnt 

“ Chemical  ” effluent 

to  17  Jan. ’Cl 

pyrites 

27  Mar.’Ol  to 

J 

... 

24  Dec.,  !02 

20  Nov.,  ’98 

6 septic 

Septic  sewage  

• •• 

to  29  Apr  ’99 

beds 

17  to  21  Sep.. 

A and  B 

Settled  sewage  

’98 

30  Sep.,  to 

» 

„ » 

... 

... 

26  Oct.,  ’98 

28  Oct.  to 

... 

... 

16  Nov., ’98 

17  Nov.  to 

y> 

„ (two  fillings) 

... 

3 Dec.,  ’98 

and  raw  sewage  (one 

filling) 

3 Dec.  to 

A B and  E 

Settled  sewage  (i  wo  fillings) 

... 

... 

14  Dec., ’98 

and  raw  sewage  (one 

filling) 

16  Dec  , ’98 

Raw  sewage 

... 

... 

to  7 Feb.,  ’91 

9 Feb.  to 

» »>  •• 

... 

... 

1 May,  ’99 

13  April  to 

C and  D 

Settled  sewage  and  occa- 

... 

... 

31  May,  ’99 

sional  fillings  of  storm 

water 

1 June  to 

» 

Open  septic  tank  sewage  ... 

... 

... 

7 June,  ’99 

8 June  to 

»» 

>1  » ***  I 

... 

... 

5 July,  ’99 

6 July  to 

» 

V i»  ••• 

... 

... 

1 7 4uc..  ’99 
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continued. 


Number  of  hours 

Number 

of 

fillings 
24  hours. 

25 

Number 

of 

contacts 
in  suc- 
cessive 
beds. 

26 

| 

Quantity  of  sewage 
treated  in  24  hours,  per 
acre  of  bed,  one  foot  deep. 

Calculated  for  the 
purpose  of  comparison. 

Gallons. 

27 

Average  percentage 
purification  effected 
on  the  crude  sewage, 
as  measured  by  the 
relative  results  of  the 
estimations  in  raw 
sewage  and  in  the 
final  effluent 

occupied 

in 

filling 
the  beds. 

11 

during 
which 
the  beds 
remained 
full  (con- 
tact 
period). 

22 

occupied 

in 

emptying 
the  beds. 

23 

during 
which  the 
beds 

remained 

empty 

(aeration 

period). 

24 

of 

oxygen 
absorbed 
in  4 hours 
at  80w  F., 
unless 
otherwise 
stated. 
28 

of 

albu- 

minoid 

ammonia. 

25 

4 

2 

1 

a 

3 or  4 

1 

205,840  (coke 

bed)  80 

76 

2 or  3 

1 

208,1 20  (cinde 

r bed)  84 

80 

... 

. • • 

142.683 

152,879 

... 

3 

1 

154,900 

90-1* 

84-6* 

... 

3 

1 

166,496 

85-3* 

82-6* 

... 

... 

89,443 

... 

3 

1 

... 

... 

4 

1 

... 

59-1* 

53  5* 

... 

2 

1 

121,302 

... 

2 

1 

112,933 

... 

... 

... 

... 

... 

185,393 

... 

... 

1 & 2 

1 

• •• 

... 

... 

1 

2 

... 

2 

2 

... 

... 

3 

2 

... 

3 

2 

... 

... 

... 

3 

3 

... 

3 

3 

... 

... 

4 

3 

... 

... 

••• 

... 

. 

2 

(*  Percentages  cal 

culated  on  thi 

... 

••• 

... 

... 

2 

2 

tank  effluent 

Oxygen  absnrp- 

... 

... 

3 

2 

tion  took  place 

at  room  tern 

... 

4 

2 

ptrature.) 

N 2 
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Table  II.— 


No. 


14 


Name  of  town 
or  district. 


15 


Time  during 
which  the  beds 
wore  in  use. 


16 


Nnme  or 
number  of 
Hie 

bed  used. 


17 


Character  of  the  liquid  supplied 
by  the  beds. 


18 


Chetn'cals  ut&i  I jt 
treating  the  * wage 
preriou*  to 
bacterial  treatment. 

Grains 

Name 

S*r 

of 

gnil'/n 

chemical. 

of 

19 

» 

30 


Manchester  .. 
( continued ) 


81  Middleton 


32 


Nelson 


18  Aug.  to 
14  Sep.,  ’99 


4 Oct.  to 
7 Dec.,  ’99 

22  Aug.  to 
31  Aug., ’99 
1 Sep.  to 

15  Sep., ’99 

16  Sep., ’99 
7 Dec., ’99  to 
11  Apr.,  ’00 

3-30  May ’00 


31  May’00  to 
27  Mar.,  '01 

27  Mar.’Ol  to 

24  Dec., ’02 

7 Dec., ’99  to 
22  Feb.  ’00 
2 Mar.  to 

25  April,  ’00 
8 May  to 

7 June,  ’00 
15  June, '00 
to  26  Mar ’01 
27  Mar.’Ol  to 
24  Dec.  ’02 

8 Aug.,  ’00 

28  Jan.  to 
17  April,  ’01 

Jan.  to 
Dec.,  ’02 

Commenced 

29  Nov.,  ’99 

26  Jan.,  ’00 


II  months 
3 years  .. 
2J  years  .. 

III  months 
i6  months 

21  weeks 


C 

B and  D 


A and  C 
D 


A and  C 
D 

A and  C 
D 

A and  C 
D 


B 


Stoddart’s 
1A,  2A 

1A 


1 

2 

3 

4 

5 

6 


/ 


Open  septic  tank  sewage  .. 
Effluent  from  primary  bed 
C divided  between  these 
beds 

Open  septic  tank  sewage  ... 
Effluent  from  primary  beds 
A and  C run  on  to  bed  D 
Open  septic  tank  sewage  ... 


Effluent  from  primary  beds 
A and  C 

Settled  sewage  

Effluent  from  primary  beds 
A and  C 

Open  septic  tank  sewage  ... 
Effluent  from  primary  beds 
A and  C 


Open  septic  tank  sewage  ... 


Open  septic  tank  effluent 


Tank  effluent  from  6ewagi 
which  has  passed  through 
a grit  chamber,  and  then 
been  treated  with  chemi- 
cals and  sedimented 


Fero- 

zonc 


Tank  effluent 


Alumino 

-ferric 
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continued. 


Number  of  hours 

Number 

of 

fillings 

per 

24  hours. 
23 

Number 

of 

contacts 
in  suc- 
cessive 
beds. 

28 

Qunntity  of  sewage 
treated  in  24  hours,  per 
acre  of  bed,  one  foot  deep. 

Calculated  for  the 
purpose  of  comparison. 

Gallons. 

27 

Average  percentage 
purification  effected 
on  the  crude  sewage, 
as  measured  by  tne 
relative  results  of  the 
estimations  in  raw 
sewage  and  in  the 
final  effluent 

occupied 

in 

filling 
the  beds. 

21 

during' 
which 
the  beds 
remained 
full  (con- 
tact 
peiiod). 

22 

occupied 

in 

emptying 
the  beds. 

23 

during 
which  the 
beds 

remained 
empty 
aeration 
period) . 

24 

of 

oxygen 
absorbed 
in  4 hours 
at  80°  F., 
unless 
otherwise 
stated. 
28 

of 

albu- 

minoid 

ammonia. 

29 

8 

2 

... 

... 

... 

4 

2 

(*  Percentages  cal- 

8 

2 

culated  on  the 

4 

2 

tank  effluent. 

Oxygen  absorp- 

2 

1 

tion  took  place 

at  room  tem- 

... 

... 

... 

3 

1 

perature.) 

... 

4 

1 

contin 

uous  on 

bed  D 

... 

1 

... 

contiD 

uous  on 

bed  D 

... 

2 

... 

2 

2 

... 

... 

... 

4 

2 

3 

2 

... 

... 

... 

... 

6 

2 

3 

2 

) 

Beds  A, 

B,  & C. 

105,800  1 

74-0* 

Bed 

' 61* 
D 

... 

... 

... 

... 

4 

1 

) 

90-0* 

84* 

CO 

ntinuou 

s equal 

to 

6 

1 

... 

... 

... 

... 

2 

1 

... 

... 

... 

... 

3 

1 

... 

... 

... 

... 

3 

1 

125,132 

contin 

aoua 

... 

... 

... 

... 

i 

1 

... 

1 to  2 

1 

130,671 

Bed 

la. 

09-5* 

68'7* 

... 

, 3 

... 

8 

... 

... 

900 

J 

6 

71-4 

(abou  t) 
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Table  II.— 


CtmaSealt  used  iv r 
treating  the  .wage 

previotu  to 
bacterial  treatment. 

No. 

Name  of  town 
or  district. 

Time  during 
which  the  beds 
were  in  use. 

Name  or 
number  of 
the 

bed  used. 

Character  of  the  liquid  mipplied 
by  the  beds. 

Name 

of 

chemical. 

Craint 

per 

gallon 

of 

tewag*. 

14 

15 

16 

17 

18 

19 

20 

33 

Oldham 

1897  to  end 
of  1898 

... 

Effluent  from  chemically 
treated  and  sedimented 
sewage 

Sulphate 
of  iron 
Lime 

1 

4 

1899  to  date 

12  and  13 

Effluent  from  sewage  after 
subsidence 

Settling  tank  liquid  drawn 
off  by  floating  arms  pre- 
vious to  cleaning  tank 

34 

Ormskirk 

... 

Sewage  after  having  gone 
through  process  of  land 
filtration 

35 

Oswestry 

... 

Primary 

Secon- 

dary 

Settling  tank  liquid 
Effluent  from  primary  bed 

... 

... 

36 

Oldbury 

... 

Primary 

Secon- 

dary 

“ Chemical  ” effluent 
Efti  uent  from  primary  bed. . . 

... 

... 

37 

Reigate 

3 years  . . . 

1 and  2 

Sewage  containing  large 
quantities  of  brewery  and 
tannery  refuse 

None 

used 

38 

Rochdale 

2£  years  ... 

1 and  2 

Sewage  after  passing 
through  open  septic  tank 

None 

39 

Salford 

Sewage  from  which  road 
detritus,  etc.,  has  been 
removed  in  “ silt  pits," 
and  which  has  passed 
through  precipitation  tanks 

Lime 

13 

40 

Sheffield 

3 years  ... 

Sewage  which  has  rapidly 
passed  over  two  catch 
pits  (the  heavier  detritus 
separates  fairly  readily, 
but  finely  divided  mineral 
matter  remains  mixed 
with  putrescible  solids) 

... 

41 

Southport  ... 

... 

... 

Screened  sewage  

... 

.V. 

42 

Swinton  and 
Pentlebury 

... 

Screened  and  chemically 
treated  and  precipitated 
sewage 

Lime 
Sulphate 
of  iron 

... 
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continued. 


A verage  percentage 
purification  effected 

Number  of  hours 

3ii  the  crude  sewage, 
as  measured  by  the 

•dative  results  of  the 

Number 

of 

Quantity  of  sewage 
treated  in  24  hours,  per 
tore  of  bed,  one  foot  deep. 

estimations  in  raw 

Number 

sewage  and  in  the 

during 

of 

fillings 

contacts 

during 

in  sue- 

Calculated  for  the 

of 

oxygen 

oocupied 

which 

occupied 

which  the 
beds 

per 

24  hours. 

cessivc 

beds. 

purpose  of  comparison. 

of 

in 

in . 

remained 

absorbed 

filling 
the  beds. 

full  (con- 

emptying 
the  beds. 

empty 

(aeration 

n 4 hours 
at  80°  F., 

albu- 

minoid 

period). 

period) . 

Gallons. 

unless 

otherwise 

tininonia. 

stated. 

no 

23 

24 

25 

26 

27 

28 

26 

'i  to  3 

2 to  3 

2 

2 

2 

... 

161,000  (about) 

79-1 

82-1 

(at 

least) 

(Sun- 
lays  in- 

eluded) 

84-1 

84-3 

... 

4 to  24 

110.083 

88-2 

89-7 

110,195 

h toll 

1 to*2  J 

i 

2 to  5 

2 to  5 

... 

100,000 

88-2 

(20  mins. 

89-7 

1 to  1J 

3 to  4 

i 

3 to  4J 

2 

2 

1 

2 

atl40°F) 

2 

2 

... 

... 

... 

... 

94-G 

91-2 

2 

81 

87 

... 

at55°F. 

contin 

uous  pr 

ocess 

... 

... 

... 

215,111 

84-0 

at  57  to 

84-2 

63  F°. 

contin 

uous  m 

ethod  b 

y spray 

jets 

2 

( 2,500,000  to  j 

; s'  7,000,000  \ 

1 ( 5 to  8 feet  deep  j 

1 

i 

2 

4 

3 

2 

200,000 

87  to  90 

92-0 

(in  first  contact  beds 

at  labor- 

(about) 

195,000 

(in  second  contact 

atory 

tempera- 

beds) 

turc 

1 

2 

1 

. 

4 

2 

295,000 

79-8 

Average 

of  3 sam 

pies  Juni 

&.  July 

11 

00 

... 

11 

... 

3 

2 

... 
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Table  II. — 


Chera'cl*  u»ed  for 
treating  the  * wage 

f/renow  to 

bacterial  treatment. 

Kamo  of  town 
or  district. 

Time  during 
which  the  bed* 
were  in  use. 

Name  or 
number  of 
the 

bed  used. 

Character  of  the  liquid  supplied 
by  the  beds. 

Or*  in* 

Name 

per 

of 

ralloa 

chemical. 

Of 

15 

16 

17 

18 

19 

20 

Wolverhamp- 

> ) 

JTank  effluent  fafter  lime 

Lime 

tor 

sf 

treatment.  It  was  pos- 
sible to  only  partiallv 

separate  out  road  detritus 

Wcdnesbury... 

... 

Primary 

Septic  tank  effluent 

Secon- 

dary 

Secon- 

dary 

West  Brom- 

12  Sept..  ’99 

Single 

Effluent  from  septic  tank... 

wich 

to 

contract 

1 Nov.,  ’00 
3 Oct.,  ’99 

Primary 

Crude  sewage  

None 

to 

Secon- 

1 Nov.,  '00 

dary 

Worcester  ... 

... 

... 

Domestic  sewage  from 

None 

isolation  hospital 

York 

21  Apr., ’99 

1,  2,  3,  4 

Closed  septic  tank  effluent 

to 

31  Aug., ’01 
13  June,  ’99 

1A,  2a 

Crude  sewage  which  had 

to 

screened 

13  Oct., ’00 
8 June  ,’99 

Ladder 

Raw  sewage 

to 

filter  (10 

15  Sept., ’00 

chambers 
in  series, 
later  2 
sets  of  5 
chambers 
in  series) 

5 J uly,  '00 

Ybrk 

Open  septic  tank  effluent... 

... 

• •• 

to 

filter 

31  Aug., ’01 
23  Nov.,’  00 

1A,  2a 

Open  septic  tank  effluent... 

to 

1 July,  ’01 
14  June,  '99 

1,  2,  3,  4 

Closed  septic  tank  effluent 

(finally  treated  on  land 
filters) 

Gravel 

Open  septic  tank  effluent 

• •• 

... 

(not  satisfactory) 
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continued. 


Number  of  hours 

Number 

of 

contacts 

Quantity  of  sewage 
treated  in  24  hours,  per 
acre  of  bed.  one  foot  deep. 

Calculated  for  the 
purpose  of  comparison. 

Gallons. 

27 

Average  percentage 
purification  effected 
on  the  crude  sewage, 
as  measured  by  the 
relative  results  of  the 
estimations  in  raw 
sewage  and  in  the 
final  effluent 

during 
which 
the  beds 
remained 
full  (con- 
tact 

period) . 
22 

during 
which  the 
beds 

remained 

empty 

(aeration 

period). 

24 

Number 

of 

fillings 

per 

24  hours. 
25 

occupied 

in 

filling 
the  beds. 

11 

occupied 

in 

emptying 
the  beds. 

23 

in  suc- 
cessive 
beds. 

26 

of 

oxygen 
absorbed 
in  4 hours 
at  80°  F„ 
unless 
otherwise 
stated. 
23 

r 

of 

albu- 

minoid 

ammonia. 

2 0 

li 

2 

11 

7 

1 & 2 

050.000 
(Two  fillings) 

400.000 

(Two  fillings)  (Both 

83-5 

80-5 

on  tank 

effluent) 

contin 

2 

uous  pr 

ocess 

... 

3 

2 

860 

... 

... 

... 

87-7 

11 

2 

ii 

3 

3 

1 

... 

67 

51-7 

11 

2 

H 

3 

3 

2 

... 

85-9 

78-6 

... 

... 

... 

• •• 

... 

... 

97-7 

95-2 

1{  to2 
vari 

2 

able 

4 t 

o 4J 

2 & 3 

1 

69,193  and  196,085 

65-47 

61-97 

var 

ied 

. 

3 

2 

55,569 

80-0 

72-0 

... 

... 

... 

... 

... 

175,368 

44-3 

36-6 

CO 

ntinuon 

s proce 

327,631 

84*5 

90-0 

u 

11 

2 

3 

3 

1 

65,200 

78-6 

87-6 

> 
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Table  III. — Particulars  as  to  the  Capacity  of  the  flatter ia 


Name 

Original  water  capacity  of  the  bed  in  the  tank. 

Water  capacity 

Name 

or 

number 

No. 

of  town  or 

Percentage 

district. 

of 

Date. 

Gallons. 

of  the 

Irate. 

bed. 

emj.ty  tank. 

30 

31 

32 

33 

31 

33 

36 

10 

Burnley 

1 

8 Nov.,  ’99 

5 Oct..  '00 

Duckpits  sep- 

5 Mar.,  ’03 

tic  tanks  and 

2 

28  Sept.,  ’99 

... 

... 

3 Oct.,  '00 

Woodend 

5 Mar.,  03 

works  (beds) 

3 

3 June,  ’01 

... 

... 

8 Oct.,  ’02 
4 Mar.,  '03 

4 

8 Jan.,  ’01 

... 

... 

7 Feb.,  '01 
4 Mar.,  03 

5 

5 June,  ’00 

... 

... 

6 Oct..  ’00 
4 Mar.,  ’03 

6 

10  Feb.,  ’02 

... 

... 

8 Oct.,  ’02 
5 Mar..  ’03 

12 

15  Sept.,  ’02 

... 

. . . 

9 Oct.,  ’02 

18 

25  Jan.,  ’98 

... 

... 

5 June,  ’99 
5 Mar.,  ’03 

12 

Bury  

... 

A slight  de 

crease  in 

capacity  has  b 

een  noticed  ; 

14 

Carlisle 

4 

Sept.  1900... 

54,319 

40 

Sept.  1901... 

16 

Darwen 

... 

The  capacity 

of  the  ba 

cteria-bedswas 

reduced  by 

18 

Evesham 

1 

30  June,  02 

48,000 

43 

2 Jan..  '03 

19 

Glasgow 

4,  1st  contact 

17  Sept.,  ’00 

36,498 

50  (estimated) 

Dec., ’00  ... 

beds 

32,617 

44'6  (actual) 

Mar., ’01  ... 
May, ’01  ... 
Aug.,  ’01  ... 
Nov.,  '01  ... 
Dec.,  ’01  ... 
Jan., ’02  ... 
Mar., ’02  ... 

22 

Huddersfield  ... 

Coarse  bed 

9 Aug.,  ’98 

19.000 

544 

3 Mar.,  ’99 
31  May,  ’99 
11  July, ’99 
17  Oct..  '99 

24  Jan.,  ’00 

No.  7 

23  Jan.,  ’02 

16,200 

44-5 

12  Jan.,  '03 

Coarse  bed 
(septic  series) 

22  Aug.,  ’00 

3,990 

59-2 

4 Mar..  03 

4 Mar.,  '03 

Fine  bed 
(septic  series) 

22  Aug.,  ’00 

3,900 

57-9 

dealing  with 

Trickling.  C 

apacity  cann 

ot  be  det 

ermined.  It  is 

23 

Hyde  

No  loss  of  c 

apacity  so  far 

as  deter 

mined  Now 

working  at 

24 

Keighley 

... 

... 

... 

... 

8 Mar..  '02 

25 

Kettering 

Fine  sludge  fr 

om  the  prcci 

pitation  t 

anks  clogs  the 

...  . 

surface  of  th 

e beds,  but  i 

n faroura 

ble  weather  the 

Each  bed 

surface  of  th 

e beds  is  loo 

sened  wit 

h a fork.  This 

areatlv  irnpr 

oves  the  wor 

king  of  t 

he  beds.  Road 

1 i g u r c s 

detritus  app 

ears  to  be  re 

tained  in 

the  Dortmund 

tanks,  throu 

gh  which  the 

sewage  fi 

rst  flows 

1898 

41-8 

3 beds 

June  to  Aug. 

1 70,000 

187 


beds  and  as  to  the  Loss  of  Capacity  during  working. 


of  the  bed  after  use. 

Number 

of 

hours 

occupied 

in 

draining 

the 

bed. 

39 

Number 
of  days  during 
which  the  bed 
had  been 
resting 

previous  to  the 
measurement 
being  made. 

40 

Loss  of  capacity. 

(4-  indicates  an  increase 
in  capacity.) 

Length  of 
time  during 
which  the  bed 
was  in  use 
since  last 
recorded 
measurement. 

43 

Number 

of 

fillings 
during  the 
time. 

44 

Gallons. 

37 

Percentage 

of 

the  empty 
tank. 

38 

Gallons. 

41 

Percentage 
of  original 
water 
capacity 
of  the 
bed. 

42 

102,900 

17-7 

\ 

Beds  filled 

75,233 

12-9 

twice  daily 

111,300 

20-5 

with  aver- 

94,774 

17-4 

age  rest 

70.449 

13-5 

amounting 

72,713 

13-9 

to  14  days 

166,949 

32-8 

per  year 

59,382 

11-7 

3 

0 

... 

... 

... 

157,800 

29-1 

69,233 

12-8 

300,600 

19-5 

201,627 

19-6 

286,800 

30-5 

108,255 

25-7 

61.564 

14  6 

probabl 

y due  to 

overwork 

44,642 

33 

... 

7 

9,677 

17 

... 

... 

one-third 

... 

... 

... 

... 

... 

... 

33  000 

30 

3 

... 

15,000 

31 

6 months 

... 

19,700 

26-9 

12,917 

39'6 

101  days 

167 

17,492 

239 

2.208 

6-8 

83  „ 

213 

21,412 

29-3 

19 

3,920  + 

12-0 

44  „ 

88 

20,321 

27-8 

1,091 

3-3 

87  „ 

174 

21,839 

29-9 

25 

1,518  + 

4-7 

76  „ 

152 

18.981 

26-0 

2,858 

8-8 

22  „ 

22 

19,046 

260 

65  + 

0-2 

42  „ 

42 

17,997 

24-6 

... 

1,049 

3-2 

58  „ 

88 

9,000 

25-8 

10.000 

52'6 

29  weeks 

317 

7,300 

209 

1,700 

8-9 

13  „ 

148 

6,100 

17-5 

1,200 

6-3 

6 „ 

70 

5,600 

16-0 

600 

2-6 

14  „ 

156 

4,800 

13-7 

800 

4-2 

14  „ 

164 

12.150 

334 

3 

4,050 

25-0 

51  ., 

672 

1,680 

24-9 

3 

... 

2,310 

58-0 

132  „ 

2,200 

32-7 

3 

... 

1,700 

44-0 

1) 

more  tha 

n twice  t 

he  quanti 

ty  it  dealt  wi 

th  at  first 

and  sho 

ws  no  signs 

of  clogging 

higher  sj> 

eed  than 

before 

660 

33 

... 

None 

rest*  one 

week  and 

works  th 

ree  weeks  wh 

en  practic 

able 

relating 

to  capaei 

ty  are  wo 

rking  averag 

es 

130,000 

32-0 

2 to  3 

40,000 

234 

Since  1898 

(average) 
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Table  III. — 


Name 

Original  water  capacity  of  the  bed  in  the  tank. 

Water  capacity 

Name 

or 

number 

No. 

of  town  or 

Percentage 

district. 

of 

Date. 

Gallons. 

of  the 

Date. 

bed. 

empty  tank. 

SO 

31 

32 

33 

31 

84 

M 

26 

Leeds 

No.  1 

83,300 

47*7 

2 Dec.,  '97 

Coarse  bed 

16  „ ’97 

30  .,  ’97 

13  Jan.,  '98 

27  „ '98 

2 Mar.,  '98 

14  „ ’98 

26  „ *98 

9 Apr.,  ’98 

23  „ ’98 

5 Mav,  '98 
20  ’98 

2 June.  ’98 

16  „ ’98 

28  July,  ’98 
11  Aug., ’98 
25  „ ’98 

8 Sept.,  ’98 
18  Nov.. ’98 

7 Oct.,  ’99 

No.  3 

61,800 

50-7 

1 Julv,  ’00 

„ 5 

53,100 

52-0 

20  „ ’00 

„ 7 

65,700 

31-4 

5 „ ’00 

» 8 

... 

29,500 

31-2 

1 „ ’00 

27 

Leicester 

1,2,  3,  4P 

24  Sept.,  ’98 

61,865 

49-5 

15  Oct,  ’98 
21  Dec.,  ’98 

16  Feb.,  ’99 
3 Mar.,  ’99 

29  Mar., ’99 

10  April,  ’99 
17  May,  ’99 
30  Mav,  ’99 

4 Oct.,  ’99 
6 Nov.,  ’99 

6 Nov.,  ’99 

2S 

Lincoln 

13 

14  Feb..  ’01 

12  Mav,  ’01 

5 Oct.,  ’01 

... 

... 

12  Oct,  ’01 
24  Feb.,  ’03 

1,  3,  5,  7 

12  May,  ’01 

1 6 Sept.,  ’01 
1 Oct.,  ’01 
5 Oct,  ’01 

24  Feb.,  ’03 

16 

27  Nov.,  '01 

193,750 

41 

3 Mar..  ’02 
5 Mav.  ’02 

9 and  11 

17  Jan.,  ’03 
19  Aug..  ’01 

21  Nov.,  ’01 
7 Feb..  ’02 

12  April, ’02 
5 May.  ’02 

22  Dec.,  ’02 
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continued. 


o f the  bed  utter  use. 

N umber 
of 

hours 

occupied 

in 

draining 

the 

bed. 

39 

Number 
of  days  during 
which  the  bed 
had  been 
resting 

previous  to  the 
measurement 
being  made. 

40 

Loss  of  capacity. 

4-  indicates  an  increase 
in  capacity.) 

Length  of 
time  during 
which  the  bed 
was  in  use 
since  last 
recorded 
neasurement. 

43 

Number 

of 

fillings 
during  the 
time. 

44 

Gallons. 

37 

Percentage 
o 1 

the  empty 
tank. 

38 

Gallons. 

41 

Percentage 
of  original 
water 
capacity  r 
of  the 
bed. 

42 

63,400 

36-3 

19,900 

239 

9 

weeks 

\ 

58,800 

33-6 

... 

4,600 

5*5 

2 

y 284 

57,100 

327 

... 

... 

1,700 

2-0 

2 

»» 

51,100 

29-2 

... 

... 

6,000 

7-2 

2 

n 

45,400 

260 

... 

5,700 

6-8 

2 

52,100 

29-8 

... 

6,700+ 

8-0 

... 

52.300 

29'J 

... 

200+ 

02 

... 

46,100 

26-4 

... 

... 

6,200 

74 

... 

42,900 

245 

... 

... 

3,200 

3-8 

40,100 

229 

... 

... 

2,800 

3-4 

45,800 

262 

7 

5,700+ 

6-8 

44,300 

25-3 

... 

... 

1,500 

1-8 

l 315 

44,600 

25'5 

... 

... 

300+ 

0-4 

... 

43,200 

24-7 

... 

... 

1,400 

1-7 

... 

56,500 

323 

... 

38 

13,300+ 

160 

... 

45,800 

26  2 

... 

... 

10,700 

12-8 

42,400 

24-3 

... 

... 

3,400 

4-1 

... 

41,000 

235 

... 

... 

1,400 

1-7 

42,200 

241 

... 

1,200+ 

1-4 

133 

26,900 

15-4 

... 

... 

15,300 

18-4 

18,200 

17-8 

33,600 

64-9 

16,600 

163 

... 

37,500 

70-6 

25,800 

14-5 

..  . 

30,100 

54 '0 

11,000 

11-6 

... 

18,500 

62-7 

59.066 

47-3 

... 

2,799 

4*5 

21 

days 

49,795 

39-9 

... 

9,271 

150 

67 

43,211 

346 

... 

... 

6.584 

106 

57 

) > 

/ 7 th  fill- 

45,432 

36-4 

... 

31 

2,221+ 

3-6 

15 

> J 

| ing  after 

43,051 

345 

... 

2,381 

3-8 

26 

t rest 

48,238 

38-6 

... 

io 

5,187+ 

8-4 

12 

J > 

41,859 

33-5 

... 

6,379 

103 

37 

48,572 

38-9 

... 

12 

6,713+ 

10  9 

13 

35,107 

28-1 

... 

13,465 

21-8 

128 

44,232 

35-4 

24 

9,125+ 

14-7 

33 

2nd  fill- 

40,504 

324 

... 

... 

3,728 

60 

0 

) > 

ing  after 

rest 

217,500 

36-8 

... 

11 

13 

weeks 

150,000 

254 

7 

67,500 

21 

168,750 

28-5 

7 

18,750+ 

... 

1 

1 40,000 

23-7 

0 

28,750 

16 

months 

127,500 

31-5 

11 

101,250 

25-0 

0 

26,250 

18 

weeks 

120,000 

29  7 

7 

18,750+ 

... 

2 

101,250 

25-0 

0 

18,750 

1 

days 

101,600 

25-1 

... 

0 

250+ 

16 

months 

160,000 

34-2 

0 

33.750 

17-4 

14 

weeks 

150,000 

321 

... 

0 

10,000 

5*2 

9 

152,500 

326 

10 

2,500+ 

8 

months 

70,000 

39-7 

0 

55,000 

31-2 

... 

0 

15,000 

13 

weeks 

60,000 

340 

... 

9 

5,000+ 

11 

60,000 

34  0 

... 

r> 

9 

54,750 

31-1 

0 

6,250 

3 

57,500 

32-6 

... 

0 

2,750 

... 

7 

months 
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T AISLE  III. — 


Name 

Name 

or 

Original  water  capacity  of  the  bed  in  the  tank. 

Water  capacity 

No. 

of  town  or 
district. 

number 

of 

bed. 

Date. 

Gallons. 

Percentage 
of  the 
empty  tank. 

Irate. 

SO 

31 

32 

33 

31 

35 

St 

29 


30 


31 


32 


Liverpool 
(West  Derby 
Sewage  Farm.) 

Manchester 


Roscoe  coke 


cinder 


A 


B 


Middleton 


Nelson  .. 


28  June,  ’99 


15  Dec., 


’95 

(B 


15  Dec.,  '95 

(B 

27  Oct.,  ’98 


15,575 

1,750 
had 


ed 


1,750 
ed  had 

4,800 


45 


23  April,  '02 


10  Sept.,  ’98 


i acre  bed  1a 


1 and  2 


11  April, ’99 


5,004 


5,000 


5 Jan.,  ’98 
7 Jan.,  ’01 
been  washed)  17  Jan.,  ’01 
28  Mar.,  ’02 
31  July,  ’02 
5 Jan.,  ’98 
7 Jan.,  01 
been  washed)  25  Jan.,  ’01 
28  Mar..  ’02 


45 


47 


47 


31  July,  ’02 

15  Nov.,  98 
20  April.  ’99 

20  Sept.,  ’99 

21  Sept.,  99 

22  Dec.,  99 

5 July,  ’00 

6 July,  ’00 

25  Feb.,  ’01 
20  Mar.,  ’02 

5 Feb.,  ’03 

16  Nov.,  ’98 

20  April,  ’99 
22  Sept.,  ’99 

2 Aug.,  '00 

21  Jan..  ’01 

22  Mar.,  *01 
8 April, ’02 

4 Feb.,  ’03 

5 July,  ’99 

1 4 Sept.,  ’99 

15  Sept..  ’99 

26  Sept,,  ’99 

1 June,  ’00 

23  Aug.,  ’00 

14  Mar.,  ’01 

15  Mar.,  ’01 

3 April,  ’02 

4 Feb.,  ’03 

6 Dec..  ’01 

5 Jan..  '<*3 

2 Mar.,  \'3 


10  Feb.. 

11  „ 

12  „ 
13  „ 

25  „ 

26  .. 


’02 
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continued. 


Loss  of  capacity. 

of  the  bed  after  use. 

Number 

Number 

;-f  indicates  an  increase 

Number 

of 

hours 

of  day9  during 
which  the  bed 

in  capacity.) 

time  during 

of 

Percentage 

cf 

the  empty 
tank. 

occupied 

in 

had  been 
resting 

Percentage 
of  original 

was  in  use 

fillings 

Gallons. 

draining 

previous  to  the 

Gallons. 

water 

recorded 

during  the 

the 

bed. 

measurement 
being  made. 

capacity 
of  the 

measurement. 

time. 

bed. 

37 

SS 

39 

40 

41 

42 

43 

44 

9,375 

271 

... 

0 

6,200 

39  8 

10  months 

1.260 

2 

490 

28 

2 years 

1,008 

1 

258 

15 

3 „ 

1,166 

2£ 

... 

158-(- 

9 

10  days 

1,008 

104 

... 

258 

15 

15  months 

1,008 

4 

... 

Nil. 

... 

4 months 

1,330 

2 

420 

24 

2 years 

1.080 

i 

250 

14 

3 „ 

1,224 

24 

... 

164-f 

9 

18  days 

1,044 

10£ 

... 

180 

10 

14  months 

1,080 

4 

... 

36+ 

... 

4 months 

4,530 

43 

3 

... 

270 

6 

19  days 

3.350 

32 

24 

7 

1.180 

25 

22  weeks 

3.930 

37 

41 

. . . 

580+ 

12 

OO 

3,520 

33 

n 

... 

410 

9 

1 day 

2,860 

27 

3 

... 

660 

14 

13  weeks 

2,660 

25 

7 

200 

4 

28  „ 

2.280 

22 

74 

... 

380 

8 

1 day 

2,440 

23 

... 

2 

160+ 

3 

33  weeks 

2,210 

21 

10* 

... 

230 

5 

51  „ 

2,150 

203 

64 

... 

60 

1 

1 year 

4,530 

43 

3 

... 

474 

9 

10  weeks 

4,350 

41 

24 

7 

180 

4 

22  „ 

4,470 

42 

34 

120+ 

2 

22  „ 

2,980 

28 

H 

1,490 

130+ 

30 

45  „ 

3,110 

29 

7 

3 

25  „ 

2,600 

25 

U 

... 

510 

10 

8 „ 

2,730 

26 

li 

130+ 

3 

17  days 

2,570 

243 

64 

... 

160 

3 

10  months 

3,690 

35 

4 

... 

1,310 

26 

1 2 weeks 

1,965 

19 

14 

1,725 
255  + 

34 

10  „ 

2,220 

21 

34 

... 

5 

1 day 

3,520 

33 

... 

11 

1,300+ 

26 

11  days 

2.580 

24 

6 

... 

940 

19 

35  weeks 

3.100 

29 

... 

7 

520+ 

10 

12  ., 

2,580 

24 

... 

7 

520 

10 

29  ., 

2,230 

21 

7 

... 

350 

7 

1 day 

2,250 

21 

loj 

... 

20+ 

4 

1 year 

2,000 

IK-9 

64 

... 

250 

5 

10  months 

175,142 

39 

... 

135 

1 43,894 

32 

658 

143,054 

31-5 

... 

... 

... 

... 

727 

1,700,000 
One  be«l 

only 

33,870 

20-1 

... 

4 

... 

1 1 months 

21,540 

16  6 

3 years 

22,170 

129 

24  „ 

36,920 

26-0 

lo  mouths 

37,330 

20-6 

16 

59,170 

44  7 

2£  weeks 

]‘J2 


Table  III.- 


Name 

Original  water  capacity  of  the  bed  in  the  tank. 

Water  capacity 

Name 

No. 

of  town  or 

number 

Percentage 

district. 

of 

Date. 

Gallons. 

of  the 

Date. 

bod. 

empty  tank. 

30 

31 

32 

33 

31 

33 

36 

33 

Oldham 

1 

9 

\ 

1900 

3 

99 

4 

91 

5 

»l 

6 

M 

7 

91 

8 

... 

40 

11 

9 

n 

10 

w 

11 

i* 

13 

99 

14 

It 

It 

35 

Oswestry 

Primary 

... 

... 

... 

... 

38 

Rochdale 

No  loss 

of  capaci 

ty  detected 

41 

Southport 

Coarse  and  fine 

7,500 

44-4 

(each) 

43 

Wolverhampton 

1 

Nov.,  ’02 

10  660 

45-0 

2 

Sept.,  ’02 

50,660 

42-0 

44 

Wednesbury  ... 

Primary 

15,000 

Secondary 

35 

45 

West  Bromwich. 

Single  contact 

16,666 

35-3 

Primary 

45,000 

28-6 

Secondary 

45,000 

33-3 

... 

47 

York  

1A 

13  June,  ’99 

IS, 550 

40 

11  Sept., ’99 

25  Sept..  ’99 

6 Nov.,  ’99 

2a 

No  app 

reciable 

reduction  of 

his  bed  was 
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continued. 


of  the  bed  after  use. 

Number 

of 

hours 

occupied 

in 

draining 

the 

bed. 

39 

Number 
of  days  during 
which  the  bed 
had  been 
resting 

previous  to  the 
measurement 
being  made. 

40 

Loss  of  capacity. 

;+  indicates  an  increaso 
in  capacity.) 

Length  of 
time  during 

Number 

of 

fillings 
during  the 
time. 

44 

Gallons. 

37 

Percentage 

of 

the  empty 
tank. 

38 

Gallons. 

41 

Pcrcentaeo 
of  original 
water 
capacity 
of  the 
bed. 

42 

which  the  bod 
was  in  use 
since  last 
recorded 
measurement. 

43 

60,121 

70,138 

67,382 

63,762 

73,361 

69,520 

69,520 

58,183 

68,038 

53,000 

64,740 

71,150 

70,550 

... 

... 

30  to  40 

3 to  4 years 

9,950 

21-1 

6,716 

40-2 

816 

29,455 

18-7 

• • • 

15,545 

34-5 

12  months 

33,337 

24-6 

... 

11,663 

25-9 

12  „ 

... 

9,300 

20-2 

9,250 

50 

90  days 

200 

13,650 

29-7 

... 

ii 

4,350+ 

23 

H „ 

9,600 

20-9 

... 

4,050 

22 

43  „ 

d. 

0 


TABLE  IV.  — Particulars  of  the  “ Septic  ” Tanks,  of  Ike  Settliruj  Tanks,  and 

of  the  Detritus  Tanks. 


Name  of  town 

Numter 

Whether 

the 

Dimension*  of  the  tank*:. 

Capacity 

of 

the  tank.. 
Gallon*. 

No. 

or 

district. 

names  of 
the 
tanks. 

tankH  are 
open 
or 

closed. 

Area. 

Feet. 

Depth. 

Feet. 

45 

40 

47 

48 

40 

60 

51 

1 

Accrington 

1 Detritus 

6 Septic 

Open 

... 

... 

1,900,000 

2 

Aldershot  

No  septic  tan 

ks  used 

3 

Acton  

Septic 

Open 

146,000 

4 

Aylesbury 

Settling 

50  X 30 

... 

40,000 

5 

Barnsley  

Settling 

... 

90  X 120 

... 

200,000 

Septic 

Open 

10,800 

3 

202,500 

6 

Birmingham 

Settling 

• •• 

315 (average 

... 

5,441,875 

length) 

7,143,500 

Septic  1 to  20 

Open 

189,000 

(sq.ft.) 

6-05 

7 

Blackburn 

2 Settling 

Open 

... 

... 

750,000 

8 

Bloxwich  district  of 

Septic 

Open 

Tank  holds 

about  6 hou 

rs  flow  of 

Walsall 

sewage 

9 

Bristol — 

At  Knowle 

2 Knowle 

Closed 

275  and  360 

6 

26,000 

(total) 

At  St.  John’s-lane 

1 St.  John’s 

JJ 

200 

6 

8,125 

10 

Burnley — 

/ 

99,000 

Duck  pits  (septic 

1 Detritus 

... 

•19  x 39-5 

\ 

tanks)  and  Wood- 

2 „ 

49  X 39-5 

11 

end  works  (beds) 

3 Septic 

Closed 

49  X 39-5 

11 

4 » 

5 „ 

6 „ 

7 „ 

Open 

11 

11 

49  X 39-5 
49-5  x 39'5 
49-5  X 39  5 
52  X 39-5 

Varies 

from 

i 6'75  < 

to 
7-75 

11 

11 

11 

n 

8 „ 
9 

11 

52  X 39-5 
73  X 39-5 

120,250 

10  „ 

73  X 39-5 

11 

11  , 

76  X 39-5 

11 

12  „ 

1 1 

76  X 39-5 

/ 

V 

11 

11 

Burslem  

Septic 

Open 

12 

Bury 

6 circular  set 

tling  tank 

s.  ... 

(each) 

50,000 

15 

Croydon  

Settling 

... 

1,500  long 

... 

41,000 

1G 

Darwen  

Settling 

... 

... 

• •• 

About  one 

The  se 

ptic  ex  per 

iments  were 

not 

day  s dry 

rery  su 

ccessful 

weather 

flow 

17 

Epsom  

Septic 

... 

... 

11,000 

18 

Evesham  

3 Septic 

Open 

1,780 
21  long 

4-5 

150,000 

Settling 

... 

• •• 

to  of  da»]y 
flow 
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Table  IV. — continued. 


Number 

Whether 

Dimensions  of  the  tanks. 

Capacity 

tho 

of 

the  tanks. 

No. 

or 

or 

names  of 
the 
tanks. 

tanks  are 
open 

Area. 

Depth. 

district. 

or 

closed. 

Feet. 

Feet. 

Galloaa. 

<5 

4C 

47 

48 

49 

50 

51 

19 

Glasgow  

1 Septic 

Open 

3,881 

825 

200,000 

20 

Haslingden,  Rawten- 

4 Septic 

Open 

60  X 180 

7-5 

456,250 

(each) 

stall  and  Bacup 

(each) 

(average) 

22 

Huddersfield 

1 Detritus 
24  Settling 

40  long 

(total) 

1,250,000 

1 Septic 

Open 

1,590 

5-5 

56,000 

23 

Hyde  

1 Septic 

Open 

90  long 

... 

76,000 

24 

Keighley  

Settling 

10  long 

3-7 

687 

Septic 

Open 

540 

8,750 

25 

Kettering  

2 Precipitation 

... 

25  in  diam. 

40  to  bottom 

80,000 

(each) 

(Dortmund) 

of  cone 

8 Precipitation 

... 

60  long 

... 

36,970 

60  „ 

... 

35,700 

60  „ 

35,700 

60  „ 

34,860 

60  „ 

34,270 

84  „ 

49,590 

84  „ 

49,590 

84  ., 

... 

49,120 
ation  tanks 

Septic  action 

apparent 

ly  occurs  in 

the  precipit 

26 

Leeds  

1 Septic 

Open 

6,000 

250,000 

2 „ 

6,000 

250,000 

3 „ 

6,000 

7* 

250,000 

4, 5,  6,  7 Septic 

2,000,000 

(total) 

2 Cameron  or 

Closed 

54  X 10 

9 

40,000 

Exeter 

27 

Leicester  

Detritus 

Open 

30  long 

... 

18,681 

Closed 

15  wide 

7 

... 

Septic 

tt 

130  X 30 

6 to  4J 

125,962 

28 

Lincoln 

Septic 

C.D.E.F. 

Open 

54  X 89 

6 

180,672  each 

A.B. 

52  X 23 

6'75 

54,203  „ 

G. 

78  X 89 

7 

303,712 

I. 

139  X 46 

7'25 

313,048 

II. 

»» 

168  X 39 

65 

281,024 

30 

Manchester 

2 Septic 

Open 

300  X 100 

6 

1,125,000 

The  open  se) 

tic  tanks 

have  been 

recently 

enlarged  at 

follows — 

300  X 100 

7 

1,300,000 

31 

| Middleton 

Settling 

•• 

24  in  diam. 

... 

120,000 

32 

Nelson  

10  Settling 

100  X 30 

1,060,000 

Septic  tank 

only  just 

(each) 

star 

jed 

o 2 
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Tahle  IV. — continued. 


Name  of  town 

Num'  er 
or 

names  of 
the 
tanks. 

Whether 

the 

Dimensions  of  the  tanks. 

Capacity 

of 

the  tacks. 
Gallons. 

No. 

or 

district. 

tanks  arc 
open 
or 

closed. 

Area. 

Feet. 

Depth. 

Feet. 

45 

4G 

47 

48 

49 

50 

51 

83 

Oldham  

2 Detritus 
11  Settling 

Septic 
Septic 
(Old  Set 

Open 
Covered 
tling  tank 

45  long 
128  ,, 

128  long 
converted  s 

7*5 

ince  April,  1 

1,940,400 

(total) 

175.400 

176.400 
902.) 

34 

Ormskirk  

8 Settling 

... 

... 

... 

83,000 

(total) 

35 

Owestry  

Settling 

... 

70  long 

... 

56,000 

(total) 

37 

Reigate  

2 Settling 

... 

4x8 

3'5  . 

38 

Rochdale  

Septic 

Open 

6,400 

5 

200,000 

39 

Salford  

12  Settling 

... 

110  long 
each 

... 

5,250,000 

(total) 

43 

Wolverhampton  ... 

Septic 

Open 

7,500 

5 3 (mean) 

249,000 

44 

Wednesbury 

1 Septic 

2 „ 

Covered 

Open 

45 

West  Bromwich  ... 

2 Septic 

Open 

800 

5 

25,000 

(each) 

47 

York 

Septic 

Closed 

Open 

800 

6,400 

8 

625 

40,000 

250,000 
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Table  V. — Particulars  as  to  the  Working  of  the  lanks. 


No. 

52 

Name  of  town  or 
district. 

53 

Name 
or  number 
of  tank 
used. 

54 

Dates 
between 
which  the 
tanks 

were  in  use. 
55 

Length  of 
time 
during 
which  the 
tanks 
were  used. 

Weeks. 

5fi 

Kate  of  flow 
of  sewage 
through  the 
tanks. 

Gallons  per 
day. 

57 

Quantity  of 
sewage 
passed  into 
the  tanks. 

Gallons. 

58 

Quantity 
of  sludge 
left  in  the 
tanks. 

b 

Tons. 

59 

Percentage 
reduction 
in  the 
amount  of 
sludge 
effected 
y“  septic” 
action. 

GO 

i 

Accrington  ... 

6 

Open 

( 

15 

months’ 

continuous 

use 

... 

1,250,000 

(dry 

weather 

flow) 

4 

Aylesbury 

Settling 

... 

... 

250,000 

o 1 

Barnsley 

Settling 

... 

... 

200,000 

(about) 

6 

Birmingham  ... 

Settling 
Septic 
1 to  20 

In  use 
constantly 

104 

22,000,000 

22,000,000 

... 

None 

* 

7 

Blackburn 

Septic  1 
.>  2 

... 

104 

240,000 

72  of  the 
suspended 
solid 
matter 

9 

Bristol — 

At  Knowle... 
At  St.  John’s- 
lane 

Septic  | 

n ( 

Jan.,  ’00  to 
Mar.,  ’02 

... 

f - 

39,000 

1,000 

10 

Burnley 

The  detri 
tons  w 
every  4 
been  d 

tus  tanks  a 
hen  presse 
months  up 
one. 

re  empti 
d into  ca 
to  1 Oct 

ed  every  3 
Ice.  The  w 
.,  1902,  sin 

weeks  and 
hole  12  tank 
ee  when  no 

contain  a 
s were  slu 
sludging 

bout  80 

dged 

has 

12 

Bury 

Settling 

... 

... 

2,000,000 

15 

Croydon 

Settling 

... 

... 

450,000 

18 

Evesham 

Septic 

2 years  to 
Jan., ’03. 

25 

150,000 

No  increase 
12 

in  sludge 
months 

during 

19 

1 Glasgow 

Septic 

15  Sept., 
'00,  and 
2 May, ’01 

33 

... 

44,525,128 

818-5 

54-25 

20 

Hasli  ngde  n 
Bawtenstal 
and  Bacup 

Septic 

Dec., ’99  t< 
Dec.,  ’01 

< 104 

460,250 

17,000,000 

Average 
depth  of 
3 feet  in 
tank 

22 

Huddersfield .. 

. Settling 
Septic 

23  July, 
1900,  to 
29  May, 
1901 

44 

6,000  000 
(total) 
60,000 
(about) 

15,232,000 

107-88 

33 

• The  sludge  which  had  to  be  disposed  of  before  septic  tanks  were  used  amounted 
to  double  that  which  is  now  to  bo  removed  from  the  sedimentation  tanks. 
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Table  V. — continued. 


Date* 

between 

Length  o( 
time 

Hate  of  flow 

Quantity  of 

, Quantity 

Heroentage 

reduction 

No 

Name  of  town  or 

Name 
or  number 

during 
which  the 

of  sewage 
through  the 

ftfrwafre 
puufed  into 

1 of  sludge 
left  intke 

in  th* 

district. 

of  tank 
used. 

which  the 
tanks 

tank* 
were  used 

tanks. 

the  tanka. 

tanka. 

effected 

were  in  use. 

■Weeks. 

Gallons  per 

Gallons. 

'ions. 

action. 

ss 

53 

54 

55 

5G 

day. 

57 

58 

59 

60 

23 

Hyde 

Septic 

June, 

3 years 

76,000 

11  tons 

1899,  to 

in  14 

1902 

months 

24 

Keighley 

Settling 

3,840 

Septic 

July, 
1900,  to 
April, 

91 

Varies 

1902 

26 

Leeds 

Septic 

1899 

1 

27  Feb., 

... 

250,000 

1 134 

807 

28 

16  Aug., 

• •• 

125,000 

> million 

21  Sept., 
1900 

... 

250,000 

) gallons 

10  Dec., 

(End  of 

experimeD 

t) 

Septic 

1899 

2 

28  April, 

... 

126,000 

12  May, 

... 

250,000 

f - 

838 

18 

18  Dec., 

. • . 

126,000 

) 

1900 

Nov., 

(End  of 

experimen 

t) 

Septic 

1899 

3 

3 May, 
12  May, 
18  Dec., 

... 

125.000 

250.000 

500.000 

1 - 

586 

28 

Septic 

1900 

Nov., 

(End  of 

t) 

experimen 

1889 

4,  6,  6,  7, 

12  June, 
4 Aug , 

... 

2,000,000 

J-  (Tanks  w 

orking  in 

series) 

Closed 

6 June 

... 

40,000 

septic 

1899 

27 

Leicester 

Septic 

5 June 

(125 

156,503 

• •• 

149 

and 

working 

13  Oct. 

days) 

28 

Lincoln 

The  tank 

s are  filled 

and  alio 

wed  to  sta 

• 

nd  12  hours, 

the  sewa 

ere  is  then 

drawn 

off  and  the 

sludge  is 

run  into  lo 

w-lying  lag 

oons  and 

dug  in 

1900 

30 

Manchester  ... 

Septic 

16  May  to 

... 

2,600,000 

425,000,000 

... 

21-6 

2 

14  Nov. 

14  Nov., 

2.000,000 

142,000,000 

33-5 

1900  to 
24  Jan., 

1901 

31 

Middleton 

Settling 

... 

... 

1,000,000 

32 

Nelson 

Settling 

... 

... 

600,000 

(dry 

weather 

flow) 
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Table  Y. — continued. 


No. 


52 


Name  of  town  or 
district. 


55 


33  Oldham 


35  Oswestry 
37  Reigate 
33  Rochdale 


39  Salford 


43  Wolverhampton 


47  York 


Name 
or  number 
of  tank 
used. 

54 

Ilates 
between 
which  the 
tanks 

were  in  use. 
55 

Length  of 
time 
during 
which  the 
tanks 
were  used. 

Weeks. 

56 

Rate  of  flow 
of  sewage 
through  the 
tanks. 

Gallons  per 
day. 

57 

Quantity  of 
sewage 
passed  into 
the  tanks. 

Gallons. 

58 

Quantity  . 
of  sludge  1 
left  in  the 
tanks. 

,i 

Tons. 

59 

Percentage 
reduction 
in  the 
amount  of 
sludge 
effected 
ry  “ septic” 
action. 

60 

Detritus 

Septic 

June,  1900 
to 

June,  1901 

12  weeks 

22,500 

350,000 

127,750,000 

(2  feet 
deep) 

Settling 

... 

... 

29,531 

Settling 

... 

18.000 

Septic 

• 

2 years 

200,000 
(3  months) 
160,000 
(after- 
wards) 

130,000,000 

200 

of  pressed 
sludge  of 
60  per 
cent, 
moisture 

265 

(total 

solids) 

62-0 

(sus- 

pended 

solids) 

12 

12,000,000 

Settling 

Septic 

31  May, ’99 
to  16  Oct., 
’00 

68 

250.000 
(average) 

50,000 

to 

500.000 

330 

Closed 

Septic 

Open 

Septic 

21  April, 
89’  to 
31  Aug., ’01 

26  June, 
’00  to 
12  Mar., ’01 

123 

89 

From 

13.000 
to 

40.000 
182,000 

to 

318,000 

14,500,000 

108,000,000 

390 

cubic 

yards. 
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No. 


Name  of  town  or  district. 


Itr.MAHKs. 


2 j>2 

1 Accrington 


M 

The  same  amount  of  sewage  is  being  passed  through  the  bed* 
as  when  they  were  first  constructed.  Storm  water  is  separate 
from  sewage. 

The  whole  of  the  sewage  is  treated  in  a permanent  manner, 
and  the  results  are  satisfactory  to  the  Rivers  Board.  An 
attempt  is  being  made  to  reduce  the  cost  of  treatment  bv 
dispensing  with  pumping ; the  coal  bill  is  a very  heavy  item. 


2 


Aldershot 


No  account  is  taken  of  the  number  of  fillings.  The  system 
having  gone  beyond  the  experimental  stage,  the  beds  are 
brought  into  use  as  required. 


3 


Acton 


4 


Aylesbury 


The  experiment  was  successful,  and  the  effluent  which  was 
delivered  into  the  tideway  of  the  river  at  Chiswick  Ait  was 
approved  of  by  the  Thames  Conservancy.  Arrangements 
are  being  made  for  open  septic  tanks  and  continuous  beds 
to  treat  the  whole  of  the  sewage. 

The  result  is  considered  satisfactory,  and  the  installation  is 
now  permanent. 


5 


Barnsley 


This  is  a temporary  experiment,  and  the  result  is  considered 
satisfactory.  The  tanks  and  coke-beds  have  not  been  suffi- 
ciently long  in  use  to  afford  opportunity  for  judging  pro]>er 
results.  It  is  expected  that  a reduction  in  the  capacity  of 
the  beds  will  occur. 


6 Birmingham... 


7 Blackburn  ... 


Sewage  is  applied  to  1,828  acres  of  farm  land.  Within  the 
last  two  years  precipitation  tanks  have  been  converted  into 
“ septic  ” tanks,  and  the  “ septicised  ” sewage  has  been  applied 
to  the  land.  The  results  obtained  from  the  experimental 
bacteria-beds,  which  are'  not  included  in  these  tables, 
were  perfectly  sufficient  to  show  that  the  sewage  could  be 
efficiently  treated  in  bacteria-beds. 

The  temporary  beds  have  been  thrown  out  of  use,  and  24  beds 
120  feet  long  by  60  feet  wide  and  3.j  feet  deep,  are  now  in 
course  of  construction. 


8 

9 


Bloxwieh  district  of 
Walsall. 

Bristol — 

At  Knowle 


At  St.  John’s-lane... 


The  population  of  the  area  drained  is  2,200.  A large  septic 
tank  is  in  course  of  construction.  First  class  results  have 
been  obtained  up  to  the  present. 

The  effluent  discharges  into  a brook  which  passes  through  a 
village  ; an  application  for  an  injunction  to  stop  the  works 
was  dismissed,  as  the  judge  was  satisfied  as  to  the  purity  of 
the  effluent. 

The  works  are  surrounded  by  dwelling-houses,  one  being  less 
than  60  feet  distant. 


10 


Burnley 


...  “We  are  convinced  that  the  scheme  adopted  by  your  com- 
mittee will  prove  an  efficient  one  and  that  the  treatment 
of  the  sewage  of  the  borough  will  be  carried  out  in  a more 
satisfactory  manner  and  with  less  cost  by  this  system 
(“septic”  tanks  and  bacteria-beds  supplemented  by  land) 
than  it  could  be  by  any  other  which  has  come  under  our 
notice.”  Report  to  the  Highways  and  Sewage  Committee 
of  the  Burnley  Corporation  on  Sewage  Disposal,  23rd  April, 
1901,  p.  20. 


12 


Bury... 


...  From  the  results  obtained,  the  Corporation  have  decided  to 
extend  the  works  on  similar  lines. 
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Xo. 


Xame  of  town  or  district. 


Kkmibks. 


61 


62 


63 


15 


Croydon 


About  450,000  gallons  are  dealt  with  daily.  The  effluent  is 
passed  over  land  once  or  twice  by  surface  irrigation.  1 hroug h- 
out  the  year  the  bet  Is  are  in  use  for  three  weeks  continuously 
and  then  rest  for  one  week. 


16  Darwen 


The  sludge  from  the  precipitation  tanks  is  allowed  to  flow 
into  a large  lagoon  formed  in  the  deep  bed  of  coarse  gravel 
on  which  the  sewage  works  are  situated.  A great  deal  oi 
liquefaction  takes  place  in  this  bed,  thus  causing  the  dis- 
appearance of  the  greater  part  of  the  sludge,  the  beds 
were  originally  of  coke,  but  owing  to  the  diminution  caused 
by  the  breaking  down  of  the  coke,  hard  vitrified  clinker  has 
been  substituted. 


20 


22 


Haslingden,  Raw-ten- 
stall  and  Bacup 


Huddersfield 


After  two  years’  working  it  was  found  necessary  to  clean  out 
the  tanks  on  account  of  large  upheavals  of  black  sediment. 
The  black  sediment  had  a strong  odour  of  sulphuretted 
hydrogen.  It  had  a tendency  to  choke  both  the  artificial 
and  the  land  filters.  Periodical  cleaning  out  has  since  been 
adopted. 

That  by  no  process  can  the  formation  of  sludge  be  obviated. 

That  by  the  open  “ septic  ” process  38  per  cent,  of  the  sludge 
is  destroyed. 

That  the  best  results  have  been  obtained  by  chemical  pre- 
cipitation, sedimentation  and  double  contact-bed  tieatment. 

That  the  difference  between  the  effluents  from  the  contact- 
beds  and  the  trickling-bed  treating  the  “septic”  sewage  is 
very  slight. 

That  during  the  past  six  months  the  effluents  from 

1.  Chemical  precipitation  and  double  contact-beds, 

2.  Open  “ septic”  tank  and  double  contact-beds, 

3.  Open  “ septic”  tank  and  trickling-bed 

have  been  non-putrescent  when  subjected  to  the  incubator 
test. 

That  when  the  crude  sew-age  is  treated  in  contact  beds,  the 
rapid  accumulation  of  matter  in  the  beds  renders  the  process 
impracticable.  . 

That  the  contact  beds  used  for  the  purification  of  the  “ septic 
sewage  or  the  effluent  after  chemical  precipitation  will  not 
retain  their  capacity  indefinitely,  and  that  in  the  course  of  a 
number  of  years  they  will  be  reduced  to  such  an  extent  as 
to  render  necessary  the  washing  or  riddling  of  the  material. 


23  Hyde... 


24  Keighley 


A complete  scheme  of  sew-age  treatment  based  upon  these 
results  has  been  submitted  to  the  Local  Government  Board 
for  approval. 

The  Borough  Engineer  states — “ In  my  opinion,  bacterial 
treatment  ought  to  satisfy  any  river  authority.  My  Council 
do  not  intend  putting  down  a permanent  installation  so 
long  as  our  present  system  of  intermittent  land  filtration  is 
satisfactory.  There  is  no  doubt  the  bed  will  gradually 
become  choked,  but  to  cleanse  or  renew  I think  w-ould  be 
cheaper  than  chemical  treatment.” 


25  Kettering 


2G  Leeds  ••• 


The  bacteria-beds  have  recently  been  examined  anil  found  to 
be  quite  clean  inside  and  without  any  accumulation  of 
sludge  beyond  some  fine  deposit  on  the  surface. 

“ The  provision  of  filter-beds  has  very  much  improved  the 
character  of  the  effluent.” 

The  Chairman  of  the  Leeds  Sewage  Committee  states  that  the 
results  from  a process  of  continuous  bacteria-bed  treatment 
“are  very  good  indeed,  giving  a purification  of  95  per  cent." 
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No. 


Nurne  of  town  or  district. 


Hkxaiik*. 


61 


28 


Lincoln 


62 


63 

The  City  Surveyor  says— “The  external  authorities  (through 
whose  districts  the  effluent  stream  runs),  who  previously 
had  been  dissatisfied  with  our  farm  and  no  La  rite-bed 
effluents,  have  expressed  themselves  satisfied  with  our 
bacteria-bed  effluent,  wc  therefore  are  completing  an  instal- 
lation to  deal  with  all  our  sewage.” 

By  the  end  of  1903  it  is  expected  that  a sufficient  number  of 
bacteria-beds  will  have  been  constructed  to  deal  with  all 
the  sewage,  i.e.,  an  ordinary  day’s  supply.  There  is  already 
sufficient  tank  accommodation. 


30 


Manchester  ... 


31 


Middleton  ... 


The  sewage  before  treatment  of  any  kind,  was  at  first  screened 
by  a bar  screen  of  half-inch  mesh,  but  since  October,  1890, 
unscreened  sewage  was  supplied  to  the  experimental  “septic  ” 
tanks.  On  the  working  scale  they  receive  screened  sewage. 
There  are  now  at  Manchester  32  half-acre  beds  in  regular 
operation,  and  many  more  are  in  course  of  construction. 
There  are  also  12-75  acres  of  storm  beds  which  receive  about 
one  filling  per  day  of  chemically  treated  and  settled  sewage 
in  fine  weather  and  a greater  quantity  in  time  of  storm. 

Extract  from  the  Annual  Report  of  the  Rivers  Department 
for  the  year  cnding27th  March,  1901,  p.  71 — “ The  result  of 
the  work  recorded  in  the  foregoing  pages,  while  emphasising 
the  necessity  for  care  in  the  construction  and  management 
of  sewage  purification  work,  gives  the  Committee  every 
encouragement  in  carrying  out  the  scheme  for  the  bacterial 
treatment  of  Manchester  sewage  according  to  the  general 
principles  advised  in  the  Experts’  Report,  1899,  and  sanc- 
tioned by  the  Council  on  (September  5th,  1900.”  The 
experts  recommended  preliminary  sedimentation  and  screen- 
ing followed  by  bacteria-tank  and  bacteria-bed  treatment. 

If  sufficient  area  of  beds  is  employed  and  they  are  properly 
managed  the  treatment  is  satisfactory.  It  is  contemplated 
treating  the  whole  of  the  sewage  by  the  bacterial  process. 


32  Nelson 

33  Oldham 


34  Ormskirk 


35  Oswestry 


Results  obtained  by  experimental  beds  are  quite  satisfactory. 

Average  daily  flow  of  sewage  (1900)  4,000,000  gallons. 
Experiments  show  that  bacteria-beds  should  be  supplied 
with  a tank  effluent  of  uniform  strength. 

Chemicals  are  an  unnecessary  expense  and  rather  hinder  the 
work  of  the  bacteria-beds  than  assist  it.  It  is  intended  to 
treat  the  Oldham  sewage  by  subsidence  followed  by  the 
action  of  bacteria-beds.  There  is  a greater  uniformity  in 
the  strength  of  the  effluent  from  the  septic  tank  than  in 
that  from  the  sedimentation  tanks,  and  the  bacteria-beds 
act  better  when  an  effluent  of  uniform  strength  is  used. 
The  effluent  from  the  “ septic  ” tank  and  bacteria-beds  seldom 
putrifies  on  incubation.  There  is  also  a very  considerable 
reduction  in  the  quantity  of  sludge. 

Extract  from  a report  entitled,  “The  Treatment  of  Oldham 
Sewage  in  the  year  1900,”  by  the  Medical  Officer  of  Health, 
p.  iii. — “ With  the  exception  of  a few  days  during  the  year, 
when  the  weather  was  very  dry,  the  method  has  been 
entirely  successful.” 

The  results  obtained  at  the  farm  of  the  Urban  District 
Council  of  Ormskirk  by  passing  the  sewage  through  lagoons, 
into  settling  tanks,  over  the  land,  and  through  the  coke- 
breeze-beds  successively,  arc  very  satisfactory  and  meet 
the  requirements  of  the  authorities  (no  chemicals  are  used). 

Small  experimental  beds  were  originally  constructed  : later, 
beds  for  the  treatment  of  the  whole  of  the  sewage.  There 
is  no  doubt  as  to  the  success  of  the  bacterial  treatment,  our 
results  aTe  continuously  satisfactory  and  the  effluents  keep 
free  from  putrescence.'  Probably  a small  amount  of  septic 
action  takes  place  in  the  settling  tanks. 
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No. 


Name  of  town  or  district. 


Remarks. 


81 


37 


Reigate 


33 


Rochdale 


The  sewage  is  distributed  evenly  over  the  surface  of  the  bed 
bv  the  automatic  Candy-Caink  sprinkler  fed  by  inter- 
mittent valves.  Two  or  three  minutes’  flow  of  sewage  is  held 
up  in  a storage  chamber  and  then  discharged  through  the 
sprinkler  in  about  one  minute,  so  that  the  bed  is  in  this  way 
both  worked  and  rested  in  an  intermittently  continuous 
manner.  There  is  no  water-logging  of  the  bed,  and  con- 
tinuous and  frequent  aeration  is  insured  as  is  shown  by  the 
effluent  being  practically  saturated  with  dissolved  oxygen. 

“ The  result  of  three  years’  searching  trial  is  so  satisfactory 
as  to  encourage  the  Council  to  sanction  the  outlay  and 
adopt  a scheme  for  treating  the  whole  of  the  sewage  of  the 
borough  on  the  lines  adopted  by  the  experimental  plant.” 

The  two  beds  are  Whittaker  and  Bryant’s  thermal  aerobic 
“ filters  ” (as  at  Accrington).  The  sewage  passes  through  a 
“septic”tank  of  a capacity  of  lj  days’  flow.  The  sewage  from 
the  open  “ septic”  tank  flows  into  a small  tank  an  l is  then 
pumped  up  and  continuously  and  evenly  distributed  oyer 
the  surface  of  the  two  beds  by  automatically  revolving 
sprinklers,  and  passes  directly  through  the  bed.  The  “ septic  ” 
tank  was  in  use  too  long  without  the  sludge  being  cleaned 
out.  It  will  be  cleaned  out  more  frequently  in  future. 


39 


Salford 


40  Sheffield 


Clarified  sewage  from  the  precipitation  tanks  which  had 
passed  through  a gravel  roughing  “ filter  ” was  supplied  to  the 
bed  by  sprinkler  jets  malting  a spray  or  rainfall  over  the 
surface  of  the  bed.  Thus  clarified  sewage  and  air  passed 
continuously  through  the  beds  while  they  were  working. 
The  roughing  beds  intercept  a good  deal  of  fine  mud  and 
require  cleaning  out  about  every  second  day. 

We  can  fully  depend  upon  the  bacteria-beds  to  give  a satis- 
factory effluent  even  when  working  night  and  day  almost 
without  intermission. 

Permanent  beds  to  treat  the  whole  of  the  sewage  are  being 
constructed. 

The  degree  of  purification  obtained  has  been  uniformly  satis- 
factory. The  loss  of  capacity  of  the  beds  continues,  and 
experiments  are  being  conducted  with  the  object  of  reduc- 
ing this  as  much  as  possible. 

Permanent  works  on  bacterial  principles  are  contemplated, 
but  working  details  cannot  be  decided  upon  until  further 
experiments  are  completed. 


41  Southport 


Only  a small  proportion  of  the  sewage  is  treated.  The  beds 
have  always  worked  to  entire  satisfaction,  and  they  have 
always  produced  a clear  and  non-putrescible  effluent. 


43  Wolverhampton 


T'be  results  from  No.  1 bed  were  good,  but,  owing  to  the  presence 
of  iron  salts  in  the  sewage,  a permanent  installation  is  doubt- 
ful. It  was  necessary  on  account  of  the  iron  salts  to  add 
lime  to  the  sewage  before  it  passed  into  the  “ septic  ” tank. 


4G 


Worcester 


These  beds  are  in  use  only  at  the  Isolation  Hospital.  They 
consist  of  trenches  filial  with  furnace  ashes  along  which 
the  sewage  flows.  No  measurements  as  to  capacity  have 
been  made. 


47  York  ... 


In  a report  to  the  Sewerage  Committee,  dated  October,  1901, 
the  City  Engineer  states  (on  p.  41),  with  respect  to  an  ex- 
perimental plant  consisting  of  an  open  “ septic  ” tank  and 
continuous  “ filtration,”  that  the  results  were  excellent  and 
the  "filtrate”  was  non-putrescible.  That  the  system  is 
adaptable  for  larger  quantities  per  square  yard  than  any 
other  experiment,  and  that  there  is  no  loss  of  liquid  capacity 
in  the  “ filter.”  
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APPENDIX. 

The  following  additional  bacterial  information  has  been  obtained  by 
the  experimental  work  carried  out  by  the  chemical  stafl  of  the  London 
County  Council — 

I Reduction  in  the  Number  of  Bacteria  in  Sewage  by  Bacterial 

Treatment. 

It  appeared  to  be  a matter  of  interest  to  determine  whether  the  total 
number  of  bacteria  present  in  the  raw  sewage  underwent  a diminution 
in  the  process  of  “ septic  ” and  contact-bed  treatment. 

For  this  purpose  a series  of  bacterial  determinations  were  made  by 
the  chemical  department  of  the  Council  on  cultivations  of  the  sewage, 
the  “ septic  ” effluent,  and  the  coke-bed  effluent,  put  down  immediately 
on  the  spot  from  the  plant  at  Christ’s  Hospital,  Horsham. 

For  the  purpose  of  comparison,  the  results  obtained  from  bactenal 
cultivations  put  down  from  the  same  samples  21  hours  after  their  col- 
lection, are  also  reported.  The  21  hours’  interval  is  about  the  average 
delay  which  elapses  when  the  samples  were  sent  to  the  central  laboratoiy 
for  cultivation  instead  of  being  put  down  at  the  time  oi  collection.  It 
will  be  seen  that  the  delay  in  cultivation  produced  not  only  a great 
difference  in  the  actual  number  of  bacteria  found  in  each  liquid,  but 
also  yielded  different  relative  numbers. 

A second  series  of  bacterial  determinations  is  also  given,  which  were 
made  on  the  feed  and  effluent  of  the  acre  coke-bed  at  Balking.  The 
cultivations  were  put  down  on  the  spot  as  soon  as  the  average  samples 
were  taken. 

The  general  conclusion  which  may  be  drawn  from  these  results  is 
that  accurate  determinations  of  the  total  number  of  bacteria,  and 
numbers  which  are  comparable  for  the  different  liquids,  can  only  be 
obtained  by  putting  down  the  cultivations  without  delay. 

The  bacteria  evidently  undergo  a considerable  decrease  in  number 
during  the  treatment,  a decrease  which  is  actually  much  greater  than  is 
apparent  from  the  numbers  given  in  the  Horsham  table  of  results,  since 
in  this  instance  the  faeces  were  not  broken  up,  and  the  feces  are  probably 
the  main  source  of  bacteria  in  a sewage  like  that  at  Horsham,  'which  is 
entirely  of  domestic  origin. 

It  will  be  noticed  that  the  decrease  in  the  number  of  bacteria  is  much 
greater  in  the  treatment  at  Barking,  but  this  may  be  in  part  explained 
by  the  mechanical  action  of  the  compacted  material  at  the  bottom  of  the 
acre-bed. 

The  fear  which  has  sometimes  been  expressed,  that  bacterial  treatment 
largely  increases  the  number  of  bacteria,  appears  therefore  to  be  without 
foundation,  and  a properly  managed  bacterial  installation  will  deliver  an 
effluent  which  contains  fewer  bacteria  than  were  present  in  the  crude 
sewage. 

II.  Bacterial  Examination  of  Average  Samples  taken  from  the 
Sewage  Treatment  Plant  at  Christ’s  Hospital,  Horsham. 

The  sewage  is  entirely  of  domestic  origin,  and  in  sampling  the 
sewage  the  feces  were  not  broken  up  and  included.  Each  sample  was 
an  average  of  samples  taken  every  quarter  of  an  hour  during  the 
three  hours’  daily  maximum  flow  of  sewage. 

The  total  number  of  organisms  was  counted  after  being  cultivated 
in  gelatine  at  20°  C. 
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Each  figure  in  Table  I.  is  an  average  of  two  cultivations  unless  it 
is  specially  marked  with  an  asterisk  (*). 

Two  results  are  given  under  each  column  for  each  date.  The  former 
gives  the  number  of  colonies  obtained  in  cultivations  which  were  put 
down  at  the  time  of  sampling  ; the  latter  gives  the  number  of  colonies 
obtained  in  cultivations  put  down  from  the  same  sample  after  it  has 
been  kept  for  21  hours. 

It  will  be  seen  from  a comparison  of  the  two  sets  of  results  obtained 
that  a very  considerable  increase  occurred  in  the  number  of  bacteria 
found  after  21  hours’  delay  in  each  of  the  liquids  examined,  and  that 
the  increase  occurred  at  a different  rate  in  each  liquid.  It  therefore 
appears  necessary  to  put  down  cultivations  without  delay  if  comparable 
results  are  to  be  obtained. 


Table  1.  Bacterial  Examination  of  the  liquids  from  the  Bacterial 
Treatment  Plant  at  Horsham. 


Total  number  of  bacteria  in  one  cubic 
centimetre  of  the  sample  liquid. 

Date  of  collection, 
1903. 

Crude  sewage 
from 

collecting  tank 
not  including 
solid  fasces. 

“Septic”  tank 
effluent  from 
the  whole 
sewage  ; no 
deposit  was 
formed  in  the 
“septic”  tank 

Coke  bed 
effluent  from 
the 

whole  sewage. 

June  9 

,,  12  

„ 16  

„ 19  

„ 23  

July  8 

,»  11  ...  •••  ...  ...  ... 

( 7.300,000 

1 22,750,000 
i 9,800  000 
| 28,700,000 
( 9,000,000 

| 23,800,000 
f 8,750,000 
1 16,450,000 
j 12,700,000 
| 21,000,000 
i 16,450,000 
f 23,800,000 
( 23,450,000 
) 43,750,000 

13.650.000 

17.500.000 

10.850.000 

12.300.000 

5.750.000 

6.300.000 

9.800.000 
*14,700,000 

8.200.000 

12.250.000 
3,650,000 

16.800.000 

21.700.000 

37.950.000 

8.750.000 

13.050.000 
*9,500,000 

10.750.000 

6.650.000 

7.000. 000 

8.050.000 

9.300.000 

5.100.000 

5.950.000 

3.000. 000 

6.300.000 

18.200.000 
8S,S50,000 

Average  number  of  bacteria  found  in  the 
above  seven  cultivations  when  they 
were  put  down  at  once 

| 12,492,857 

10,514,286 

8,461,286 

Average  number  of  bacteria  found  in  the 
corresponding  seven  cultivations  when 
they  were  put  down  after  21  hours 

\ 25,750,000 
J 

16.S28.571 

13,028,571 

Percentage  decrease  in  number  of  bac- 
teria calculated  on  the  original  sewage 
liquid  when  put  down  at  once  for  cul- 
tivation 

- 

15-8 

32-2 

Percentage  decrease  in  number  of  bac- 
teria calculated  on  the  original  sewage 
liquid  when  put  down  for  cultivation 
after  21  hours 

1 

■■■  I 

34-6 

49-4 

Percentage  increase  over  21  hours  in  each 
liquid 

[•  106 

60 

54 

209 


Further  results  obtained  from  eleven  samples  of  Ilorsham  sewage. 
Klein’s  enteritidis  change  was  shown  by  01  c.c.  of  crude  sewage,  of 
“septic”  tank  effluent,  and  of  coke-bed  effluent  on  four  occasions. 

13.  coli  was  found  in  the  100,000  dilutions  of  crudo  sewage  on  ten 
occasions,  and  once  in  the  1,000,000  dilutions. 

B.  coli  was  found  in  the  100,000  dilutions  of  “septic”  tank  effluent 
seven  times.  It  was  not  found  in  the  1,000,000  dilutions,  but  always 
in  the  10,000  dilutions. 

B.  coli  was  found  in  the  100,000  dilutions  of  colce-bed  effluent  on  two 
occasions,  and  each  time  in  the  10,000  dilutions. 

Method  used — Primary  broth  and  secondary  surface  gelatine  plate 
cultivation. 

III.  Bacterial  Examination  of  the  Feed  and  of  the  Effluent  of  the 
One-acre  Bacteria-bed  at  the  Northern  Outfall  Works  (Barking). 

A.  — Effluent  from  the  crude  sewage  which  had  been  mixed  with  chemi- 

cals and  subjected  to  sedimentation,  and  which  then  flowed  into 
the  one-acre  coke-bed  at  the  Northern  outfall  works,  Barking. 

B.  — The  effluent  discharged  from  the  bed. 

The  samples  were  taken  every  ten  minutes  during  the  filling  and 
emptying  of  the  bed.  The  samples  of  each  set  were  mixed  together, 
so  as  to  form  average  liquids. 

The  lower  portion  of  this  bed  consists  of  very  finely  divided  coke,  and 
possibly  acts  to  some  extent  mechanically  in  reducing  the  number  of 
bacteria. 

The  cultivations  were  put  down  on  the  spot  as  soon  as  the  average 
samples  were  ready. 


Table  2.  Bacterial  Examination  of  the  Feed  and  of  the  Effluent  of  the 
Chie-acre  Bacteria-bed  at  the  Northern  Outfall  Works  {Barking). 


Date, 

1903. 

Descrip- 
tion of 
sample. 

Number  of  micro-organisms  in  one  cubic  centimetre  of  bhe 
sample  liquid. 

Total  number  of  bacteria 
capable  of  growing  at 

Aero- 

bic 

spores 

B.  coli 
communis. 

Gas-pro- 

ducing 

bacteria. 

Spores  of 
B.  enteri- 
tidis 

sporogenes 

(anaerobic) 

20°  Centi- 
grade. 

37°  Centi- 
grade. 

May  9 

A 

8,000,000 

3,300,000 

210 

100,000 

— 

— 

B 

70,000 

30,000 

70 

1,000 

— 

— 

„ 13 

A 

11,500,000 

6,800,000 

170 

1,000,000 

1,000 

— 

B 

814,000 

527,000 

130 

100,000 

10 

— 

,,  14 

A 

5,300,000 

2,600,000 

240 

100,000 

— 

100 

B 

829,000 

393,000 

100 

*10,000 

— 

10 

„ 16 

A 

10,000,000 

8,000,000 

230 

100,000 

— 

100 

B 

1,180,000 

720,000 

140 

10,000 

— 

100 

„ 19 

A 

10,800,000 

4,900,000 

270 

1,000,000 

100 

not  100 

B 

Lost 

550,000 

140 

100,000 

10 

10 

„ 20 

A 

6,600,000 

4,700,000 

230 

1 ,000,000 

100 

1,000 

B 

1,070,000 

590,000 

70 

100,000 

10 

10O 

„ 27 

A 

7,900,000 

5,400,000 

290 

1 ,000,000 

1,000 

not  100 

B 

1,675,000 

Lost 

120 

100,000 

100 

100 

A verage ) 

A 

8,585,714 

5,100,000 

234 

614,286 

550 

t214 

number  ) 

B 

939.667 

468,333 

110 

60,143 

32 

64 

Percentage  reduc- 

89-1 

90  8 

53 

90-2 

94  2 

78'8 

tion  in  number  of 

bacteria  by  passage 

through  the  bed. 

* Possibly  more,  but  a higher  dilution  was  not  made. 
| In  this  average  “ not  100  ” is  taken  as  ten. 
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IV.  The  Number  of  Bacteria  in  Sewage  Sludge  Produced  at  the 
Northern  Outfall  Works  (Barking). 

Between  the  27th  April  and  6th  May,  1906,  estimates  were  made  by 
the  chemical  staff,  of  the  number  of  bacteria  present  in  five  different 
samples  of  the  sludge  which  is  produced  at  the  Northern  Outfall 
Works  by  the  present  treatment.  The  treatment  consists  in  the  sedi- 
mentation of  the  sewage  after  admixture  with  solutions  of  lime  and  of 
iron  sulphate.  The  samples  were  collected  in  such  a manner  that  they 
were  representative  of  five  different  cargoes  of  sludge,  and  the  bacterial 
cultivations  were  put  down  on  the  spot  as  soon  as  the  samples  were 
collected.  The  results  of  the  bacterial  examination  are  set  forth  in  the 
following  table — 

On  referring  to  column  2 of  this  table  it  will  be  seen  that  the 
average  number  of  bacteria  present  in  one  cubic  centimetre  of  sludge 
was  141,600,000.  Column  3 gives  the  number  of  bacteria  found  when 
the  cultivations  were  made  at  37°  C.  (blood  heat) ; these  bacteria,  when 
found  in  sewage  polluted  water,  are  considered  to  be  mainly,  if  not 
entirely,  of  intestinal  origin. 


Table  3.  Number  of  Bacteria  in  Sewage  Sludge  produced  at  the 
Northern  Outfall  Works. 


Date. 

Total  number  of  organisms  in  one  cubic  centimetre 
of  sludge. 

Bacteria  wnich 
grow  at  20°  C. 

Bacteria  which 
grow  at  37°  C: 
(blood  heat). 

Spores. 

1903. 

April  29 
May  2 
May  4 
May  5 
May  6 

121.000.000 

126,000,000 

196.000. 000 

131.000. 000 

136.000. 000 

60,000,000 

74,200,000 

45.000. 000 

64.000. 000 

70.000. 000 

6,250 

8,100 

10,550 

11,800 

11,400 

Average 

141,600,000 

62,640,000 

9,610 

V.  Reduction  in  the  Number  of  Bacteria  present  in  River  Water 

BY  PASSAGE  DOWN  THE  STREAM. 

A bacterial  examination  of  the  river  water  below  the  Sewage  Outfall 
Works  has  been  undertaken  by  the  chemical  staff  at  the  Council’s  Out- 
falls. The  principal  object  of  the  examination  was  to  ascertain  whether 
the  bacteria,  introduced  into  the  river  by  the  discharge  of  effluents  from 
the  Barking  and  Crossness  Outfall  Works,  underwent  diminution  in  their 
passage  down  the  river,  and  whether  any  species  of  them  entirely  dis- 
appeared. All  samples  were  taken  by  dipping  into  surface  water  only; 

On  3rd,  4th,  5th  and  6th  of  March,  1903,  samples  of  the  river  water 
were  collected  at  each  of  eight  different  points  extending  over  a distance 
of  about  18  miles,  viz.,  between  the  Mucking  lightship,  which  is  about 
21  miles  below  Crossness  and  a point  about  3£  miles  below  the  Nore  or 
about  39  miles  below  Crossness.  The  three  series  of  samples  were  taken 
at  low  water — (a)  near  the  southern  shore,  (b)  in  midstream,  and  (c)  near 


the  northern  shore,  respectively,  and  the  following  table  shows  the 
number  of  bacteria  found  per  cubic  centimetre  of  water  at  each  point 
and  the  time  at  which  the  samples  were  taken — 
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In  proceeding  down  the  river  a very  great  diminution  in  the  number 
of  bacteria  present  in  the  water  was  noticed  soon  after  the  Chapman 
light  was  passed.  The  light  is  about  27  miles  below  Crossness.  When 
a point  off  Southend-pier  was  reached,  the  bacteria  had  decreased  in 
number  to  that  not  unusually  found  in  the  drinking  water  supplied  by 
the  water  companies  to  London  consumers  after  having  undergone 
subsidence  and  filtration  at  the  waterworks.  It  should  be  pointed  out 
that,  although  the  average  number  of  bacteria  found  by  Dr.  Houston  in 
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the  “ chemical  ” effluents  discharged  in  1808  was  7,500,000  p-r  cubic 
centimetre,  the  average  number  found  at  the  Mucking  lightship  in  tin- 
present  investigation  was  5,125  only,  while  this  number  was  still 
further  reduced  to  752  at  'Y  antlet-creek,  just  above  Southend,  and  to 
172  at  a point  miles  below  the  Nore. 

The  bacterial  examination  was,  however,  further  extended  in  order  to 
ascertain  whether  the  intestinal  bacteria,  which  may  be  referred  to  in 
general  terms  as  “ gas-forming  bacteria,”  were  largely  reduced  in 
numbers  by  the  passage  of  the  effluent  down  the  lower  river. 

In  seven  only  out  of  the  45  samples  of  water  examined  were  gas- 
forming bacteria  found,  and  these  seven  samples  were  all  taken  from 
the  river  at  or  above  the  Chapman  light,  which  is  miles  above 
Southend.  Below  the  Chapman  light  these  bacteria  were  not  found. 

This  very  considerable  reduction  in  the  total  number  of  bacteria,  and 
the  disappearance  of  characteristic  intestinal  organisms,  would  lead  to 
the  conclusion  that  danger  is  not  to  be  apprehended  from  bacterial 
contamination  of  the  water  of  the  estuary  at  or  below  Southend  arising 
from  the  metropolitan  sewage  effluent. 

Estimations  of  the  state  of  aeration  of  the  water  of  the  lower  river 
were  also  made  with  the  view  of  discovering  the  point  at  which  the 
de-aerating  effect  of  the  effluent  upon  the  river  water  ceased.  Two  series 
of  estimations  were  made  on  samples  taken  between  Greenhithe  and  the 
Mouse  lightship,  but  full  aeration  was  not  found  in  any  one  of  these 
samples.  Half-hourly  estimations  were  also  made  between  the  time  of 
high  water  and  of  low  water  at  a point  one  mile  below  Gravesend,  at 
the  Mucking  light,  and  at  the  entrance  to  the  Barrow  Deep.  It  was 
found  that  at  low  water  the  degree  of  aeration  of  the  river  water  increased 
steadily  with  the  increase  of  distance  below  the  outfalls,  and  this  result 
entirely  supports  the  conclusions  arrived  at  from  the  bacterial  estima- 
tions, which  showed  that  the  purification  of  the  effluent  progressed 
regularly  during  its  passage  down  the  river.  This  purification  is 
undoubtedly  due  to  the  action  of  bacteria,  which  are  present  in  the 
effluent.  The  estimation  of  aeration  in  the  samples  taken  in  the  estuary 
at  the  entrance  to  the  Barrow  Deep,  many  miles  above  where  the 
sludge  is  discharged,  showed  the  highest  degree  of  aeration  in  the 
whole  series,  and  all  these  samples  contained  the  maximum  amount  of 
oxygen  possible  in  water  of  that  degree  of  salinity. 

It  must  be  remembered  that  the  effluent  resulting  from  the  proposed 
bacterial  treatment  would  contain  a smaller  number  of  bacteria  than 
are  present  in  the  present  so-called  “chemical”  effluent.  But  since 
the  effluent  would  also  contain  far  less  organic  nutriment  for  their  sus- 
tenance, it  may  be  certainly  inferred  therefore  that  the  bacteria  intro- 
duced into  the  river  by  such  an  effluent  would  disappear  far  more 
quickly  than  those  which  are  discharged  in  the  present  effluent. 

VI.  Bacterial  Examination  of  the  Water  of  the  North  Sea  and 
of  the  Water,  Mud  and  Sands  of  the  Thames  Estuary  in 
the  Vicinity  of  the  Barrow  Deep 

In  continuation  of  the  bacterial  examination  of  the  water  of  tbe  lower 
river,  estimations  were  made  of  the  number  of  bacteria  present  in  the 
surface  water  of  the  Barrow  Deep,  where  tbe  sewage  sludge  is  deposited, 
and  of  the  open  sea  in  the  neighbournood  of  the  Galloper  light  vessel. 


The  three  bacterial  examinations  (a,  b,  c)  of  the  water  of  the  Banwv 
Deep  were  made  during  and  immediately  after  the  discharge  of  sludge 
by  the  London  County  Council’s  steamers.  The  results  obtained  aie 
given  in  the  tables  which  follow  the  description  of  each  series 

(a)  This  water  was  collected  at  the  last  of  the  ebb  tide,  and  at  nea  y 
slack  water;  the  samples  of  the  surface  water  were  taken  every  w 
minutes  while  the  Council’s  steamer  Burns  was  steaming  the  w o 
length  of  the  Barrow  Deep  and  back  again,  and  the  water,  which  was 
taken  in  this  way  between  every  two  alternate  buoys,  was  mixed,  an 

formed  one  sample  for  examination.  . , 

The  arrangement  of  the  buoys  in  the  deep  is  such  that  those  denote 
by  even  numbers  are  situated  on  the  south  side  of  the  deep  and  those 
denoted  by  odd  numbers  are  on  the  north  side. 

Four  of  the  average  or  compound  samples  of  water  thus  obtained  were 
collected  in  the  Barrow  Deep,  and  additional  samples  were  collected  at 
the  Mouse  light  vessel  at  the  entrance  to  the  Deep  and  at  the  JNore  hgh 
vessel  about  8 miles  nearer  the  mouth  of  the  river  Thames. 

The  steamship  Burns,  from  which  the  samples  were  collected,  was  the  last 
of  the  Council’s  steamers  to  discharge  her  cargo  in  the  Barrow  Deep,  blie 
closely  followed  the  other  steamers,  an  interval  of  not  more  than  twenty 
minutes  occurring  between  the  passing  of  any  point  by  the  preceding 
steamer  and  by  the  Burns.  It  was  considered  that,  since  an  estimation 
of  the  number  of  bacteria  in  the  sludge  itself  had  already  been  nia  e> 
a reasonable  number  of  minutes  should  elapse  between  the  discharge  o 
the  sludge  and  the  collection  of  a sample  of  sludge-polluted  water  m 

the  Barrow  Deep.  . „ , . , 

The  following  table  gives  the  results  of  this  series  of  bacterial 

estimations — 

Table  5.  Number  of  Bacteria  in  the  Water  of  the  Estuary  of  the 

Thames. 


. I No.  of 
a c*  sample 

Time  of 
collecting 
sample. 

Locality  from  which  the  sample 
was  collected. 

April  2 

1 

a.m. 

5.50 

Abreast  the  Nore  light  ... 

2 

6.26 

„ Mouse  „ 

3 

6.50  to  7.20 

Between  Nos.  10  and  6 buoys  in 

4 

7.20  to  7.45 

the  Barrow  Deep 

Between  Nos.  6 and  2 buoys  in  the 

5 

7.60  to  8.20 

Barrow  deep. 

Between  Nos.  1 and  5 buoys  in  the 

6 

8.20  to  8.50 

Barrow  Deep 

Between  Nos.  5 and  7 buoys  in  the 

7 

9.20 

Barrow  Deep 

Abreast  the  Mouse  light  

April  3 

1A 

7.30 

„ Nore  light  

2a 

8 

„ Mouse  light  

3a 

8.20  to  8.55 

Between  Nos.  10  and  6 buoys 

4a 

8.55  to  9.20 

„ 6 and  2 ,, 

6a 

9.30  to  10 

„ 1 and  5 ,, 

6a 

10  to  10.25 

„ 5 and  7 „ 

7a 

10.55 

Abreast  the  Mouse  light  

Number 

of 

bacteria 
per  cubic 
centi- 
metre of 
water. 


1 Gas-forming  ” 
or  intestinal 
bacteria  were 
absent  in 


1,168 

4,310 

4,600 

7,460 

1,060 

1,650 

30 

454 

1,220 

500 

4.150 

200 

400 

115 


Not  estimated. 
1 c.c.  of  water. 

N c-c-  » 


1 c.c. 

Not  estimated. 
1 c.c.  of  water, 
b c.c.  ,, 


1 c.c. 
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(l>)  The  next  series  of  samples  was  collected  (luring  periods  of  C hours 

water  amlTv  h ^ 8amP1(*  W(ir(i  takfcn  »t  low 

tei  and  at  high  water,  and  between  those  times  samples  ware  taken 

every  o minutes  and  were  mixed  together  every  hour  to  form  the 

average  or  compound  samples  for  each  hour.  The  samples  thus  collected 

represented  the  water  which  leaves  the  Barrow  Deep  during  a flood  tide 

and  enters  the  river,  since  the  collection  extended  over  the  whole  period 

of  the  incoming  tide.  The  points  at  which  these  samples  were  collected 
were — 


(1)  150  yards  west  of  the  Mid-Oaze  buoy. 

(2.)  At  the  point  where  a line  drawn  from  the  Nore  light 
vessel  to  the  West  Oaze  buoy  crosses  a line  drawn  from  the  Cant 
buoy  to  the  south  Shoebury  buoy. 

The  following  table  shows  the  results  of  these  bacterial  estimations— 
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(c)  A senea  of  samples  was  also  collected  in  the  open  North  Sea  in 
the  neighbourhood  of  the  Galloper  light  vessel,  which  is  about  25  miles 
distant  from  the  sea  end  of  the  Barrow  Deep.  These  samples  were 
taken  every  five  minutes  for  two  hours,  and  the  samples  taken  daring 
each  half-hour  were  mixed  together.  In  this  way  were  obtained  four 
average  or  compound  samples. 

• Tihe  r^Ult-  °f  bacterial  examination  of  these  samples  is  set  forth 
m the  following  table — 


Table  7.  Number  of  Bacteria  in  the  Water  of  the  North  Sea. 


Date  of  sampling 
and  position  at  which 
samples  were  taken. 

1903. 

Time  of  sampling.  The  samples 
were  collected  every  live 
minutes  and  mixed  together 
for  the  half  hourly 
samples. 

• 

Total  number 
of  bacteria 
per  cubic 
centimetre 
of  water. 

11th  April.  In  the 

5.5  a.m.  to  5.35  a.m.... 

215 

neighbourhood  of 

5.35  „ 6.5  „ 

191 

Galloper  light 

6-5  „ 6.35  „ 

357 

vessel. 

6-35  „ 7.5  

298 

A fuither  examination  was  made  of  the  water,  mud  and  sands  of  the 
Thames  estuary  in  the  vicinity  of  the  Barrow  Deep  from  Monday  the 
31st  of  August  until  Saturday,  the  12th  of  September,  1903.  It  was 
found  impossible,  on  account  of  serious  stress  of  weather,  to  carry 
out  the  sampling  in  the  time  originally  proposed,  and  a second  visit  to 
the  estuary  was  therefore  made  from  the  28th  of  September  to  the 
1st  of  October,  1903. 

On  the  olst  of  August  the  s.s.  Burns,  on  which  the  collection  and 
examination  of  the  samples  were  made,  conveyed  and  discharged  a cargo 
of  sludge  in  the  Barrow  Deep  in  the  usual  way ; but  on  the  28th  of 
September  the  cargo  conveyed  by  the  vessel  was  discharged  im- 
mediately before  the  examination  was  commenced,  and  the  samples  of 
water  were  collected  in  the  area  of  the  discharge. 

The  examinations  during  September  were  made  with  a view  to 
supplementing  the  results  of  the  examinations  of  the  water  of  the  lower 
river  and  of  the  Thames  estuary  made  during  March  and  April, 
1903.  On  that  occasion,  the  bacterial  condition  of  the  surface  water 
only  was  investigated,  but  during  September  the  examination  was 
extended  to  the  bacterial  condition  of  the  surface  and  bottom  water, 
of  the  bed  of  the  estuary,  and  of  the  sands  which  are  uncovered  at  low 
water. 

On  the  28th  of  September,  1903,  the  s.s.  Burns  anchored  in  the  Barrow 
Deep,  and  at  low  water  discharged  her  cargo  of  sludge  as  quickly  as 
possible.  To  indicate  the  course  traversed  by  the  sludge,  a drifter  in 
the  form  of  a cross,  and  having  an  area  of  about  eight  square  feet,  was 
suspended  by  a fine  copper  wire  from  a float,  which  was  small  in  area 
compared  with  the  drifter  in  order  to  neutralise  the  effect  of  wind  and 
sea.  The  drifter  was  suspended  at  a depth  of  10  feet  from  the  surface, 
'throughout  the  experiment,  samples  of  sea  water  were  taken  from  a 
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boat  which  followed  the  float  within  two  or  three  yards.  The  samples 
were  obtained  from  depths  of  10  feet  and  40  feet  by  means  ut  a small 
hand-pump,  to  which  was  attached  a flexible  hose  weighted  at  the  end. 
The  pump  was  kept  at  work  continually  throughout  the  experiment, 
and  samples  were  taken  every  five  minutes.  These  were  afterwards 
mixed  so  as  to  produce  hourly  average  samples. 

After  the  sludge  had  been  discharged,  the  float  was  placed  in  the 
centre  of  the  discoloured  area.  Samples  were  taken  immediately  from 
the  surface,  and  at  10  feet  and  40  feet  depths  from  the  surface.  The 
subsequent  samples  were  mixed  together  so  as  to  produce  hourly 
average  samples. 

On  29th  September  this  experiment  was  repeated,  the  sampling  being 
carried  out  from  the  deck  of  the  s.s.  Burns  instead  of  from  a small  boat. 
The  ship  kept  within  the  area  of  the  sludge  which  had  been  discharged 
by  the  five  other  steamers,  until  the  discolouration  of  the  sea-water  by 
the  sludge  had  entirely  disappeared. 


Methods  of  sampling. 

(a)  Samples  of  the  bottom  were  obtained  by  means  of  an  iron  dredge 
with  a canvas  bag  attached.  This  dredge  had  been  successfully  used  on 
many  previous  occasions.  The  average  quantity  of  sample  brought  up 
by  the  apparatus  was  about  2 cwt.,  and  the  working  sample  consisted  of 
an  average  taken  throughout  the  mass.  In  many  cases  where  the 
bottom  was  hard  a sample  was  only  obtained  after  several  unsuccessful 
attempts.  In  the  case  of  samples  taken  in  the  Barrow  Deep,  where  the 
ground  was  most  thoroughly  searched,  the  working  sample  was  made 
up  of  averages  from  several  dredgings. 

(h)  Each  sample  from  sands  exposed  at  low  water  represented  sand 
taken  over  a considerable  area.  Roughly  50  samples  were  collected 
from  just  below  the  surface  and  from  the  surface  in  each  case,  and  these 
were  thoroughly  mixed  in  order  to  produce  the  average  sample  for 
examination. 

(c)  Samples  of  water  were  taken  from  the  surface  in  a well-washed 
bucket.  At  the  same  time  samples  were  taken  at  or  near  the  bottom  in 
an  apparatus  which  consisted  of  a sterilised  8-ounce  wide  mouthed  glass 
bottle,  with  an  indiarubber  bung.  The  bottle  was  enclosed  in  a heavy 
cage,  which  acted  as  a sinker.  A short  glass  tube,  terminating  just 
below  the  bung,  and  a longer  one  reaching  to  the  bottom  of  the  bottle, 
were  each  drawn  out,  bent  into  a loop  and  sealed.  The  end  of  a fine 
line  was  fastened  to  the  two  loops.  The  apparatus  having  been  lowered 
to  the  bottom  by  two  strong  lines,  which  were  held  at  a wide  angle  to 
avoid  twisting,  the  fine  line  was  jerked  in  order  to  break  the  ends  of 
the  glass  tubes.  The  bottle  was  allowed  to  remain  on  the  bottom  for 
five  minutes.  This  was  found  by  experiment  to  be  ample  time  to  fill 
the  bottle. 


Methods  of  working. 

(a)  The  s.s.  Burns  having  been  fully  fitted  with  incubators,  air  and 
steam  sterilisers  and  other  apparatus  necessary  for  the  investigation,  the 
work  was  all  done  on  board.  It  is  important  to  note  in  judging  the 
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lesults  that  the  cultivation  of  each  sample  was  made  as  soon  as 
the  sample  had  been  collected : this  was  rendered  possible  by  the  fact 
that  the  ship  itself  was  the  laboratory,  and  no  delay  in  transit  from  the 
point  of  collection  to  the  laboratory  was  therefore  incurred.  In  this 
work,  dealing  with  unknown  and  largely  varying  numbers  of  micro- 
oiganisms,  it  was  necessary  to  use  a larger  number  of  dilutions  in  laying 
down  the  samples  than  would  have  been  the  case  had  an  approximate 
idea  of  the  numbers  present  been  known. 

(b)  Dr.  Houston’s  method  of  decimal  dilution  was  employed.  Ten 
grammes  of  the  sample  were  added  to  90  cubic  centimetres  of  sterile 
distilled  water  contained  in  a plugged  conical  flask  of  about  200  cubic 
cemtimetres  capacity,  and  the  liquids  were  thoroughly  mixed.  Ten 
cubic  centimetres  of  this  10  per  cent,  mixture  were  added  to  another 
flask  containing  90  cubic  centimetres  of  sterile  water,  giving  a 1 per 
cent,  mixture ; a similar  procedure  was  continued  to  obtain  higher 
dilutions. 

(c)  The  total  number  of  organisms  was  obtained  by  mixing  1 cubic 

centimetre  of  each  of  four  dilutions  (^,  and  tu&vu)  with 

10  cubic  centimetres  of  gelatine  medium,  pouring  each  gelatine  mixture 
into  a Petri  dish,  incubating  at  20°  C.  and  counting  as  late  as  lique- 
faction of  gelatine  would  allow. 

(d)  Bacillus  Goli  Group — Primary  broth  cultures  were  made  by 
adding  1 cubic  centimetre  of  varying  dilution  to  10  cubic  centimetres 
of  flesh  peptone  broth  and  incubating  at  37°  C.  for  48  hours. 
Secondary  cultures  of  those  tubes  showing  'growth  and  diffuse  cloudi- 
ness were  then  made  on  the  surface  of  Bile  Salt  Agar  previously  poured 
and  set  in  Petri  dishes.  These  latter  were  incubated  at  37°  C.  for 
48  hours.  Plates  showing  a growth  typical  of  coli  had  colonies 
sub-cultured  in  “ gelatine  shake  ” and  litmus  milk  as  confirmatory 
tests. 

(e)  Organisms  causing  Bacillus  Enteriditis  change  in  anaerobic  milk 
cultures. — One  cubic  centimetre  of  each  of  the  various  dilutions  was 
introduced  into  a freshly-prepared  tube  containing  10  cubic  centimetres 
of  sterile  milk.  Immediately  before  inoculation  the  tube  was  boiled 
to  expel  dissolved  oxygen.  After  inoculation  all  the  tubes  were  main- 
tained at  80°  C.  for  10  minutes,  cooled  and  then  incubated  for  48  hours 
at  37°  C.  under  anaerobic  conditions. 


Statement  and  tabulation  of  results. 

The  following  table  shows  the  results  of  the  bacterial  examination  of 
the  water  of  the  Barrow  Deep  at  various  depths  immediately,  and 
at  stated  periods,  after  the  discharge  of  sludge  by  the  Council’s 
steamers — 
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Table  8.  Examination  of  the  Water  of  the  Ba/rrow  Deep. 


Date. 

1903. 

Period  of  time  after  the  discharge 
of  sludge  when  the 
samples  of  water  were 
collected. 

Total  num 
centim 
fo 

Surface. 

ber  of  bact.erit 
etre  of  water 
llowing  depth 

10  ft. 

per  cubic 
at  the 
s. 

40  ft. 

or  bottom. 

Sept.  28th  ... 

Immediately  

940,000 

13,000 

140 

One  hour,  average 

32,700 

2,910 

690 

Two  hours,  „ 

1,470 

790 

320 

Three  „ „ 

340 

140 

130 

Four  „ „ 

380 

220 

— 

Sept.  29th  ... 

Immediately  

8,000 

2,000 

— 

One  hour,  average 

21,400 

580 

— 

Two  hours,  „ 

6,200 

700 

— 

Three  „ „ 

6,800 

610 

— 

Four  „ „ 

6,300 

610 

— 

Five  „ „ 

1,700 

600 

The  hourly  average  samples  were,  as  already  pointed  out,  composed 
of  samples  taken  every  five  minutes  during  the  hour. 

Table  9 sets  forth  the  results  of  the  bacterial  examination  of  samples 
of  water  taken  from  other  parts  of  the  estuary,  and  also  of  samples  of 
mud  and  other  materials  taken  from  the  bottom  of  the  estuary,  and  of 
sand  exposed  thereon  at  low  tide. 

No  bacterial  examination  of  the  estuary  approaching  in  completeness 
and  trustworthiness  that  which  is  herewith  reported  has  ever  been 
undertaken.  The  work  on  board  the  steamer  extended  over  18  days, 
and  was  completed  on  shore  in  about  six  weeks.  Five  members  of  the 
chemical  staff  were  continually  engaged  in  the  work  of  collecting 
samples  and  of  bacterial  examination.  No  less  than  555  samples  in  all 
were  taken  from  the  water  at  different  depths,  from  the  bottom  and  from 
the  uncovered  sands  of  the  estuary.  Some  of  the  samples  collected  over 
a particular  area  were,  however,  mixed  before  the  examination  was  made, 
and  accordingly  119  samples  were  submitted  to  individual  examination. 

General  conclusions. 

A general  survey  of  these  tabulated  results  proves  that,  with  the 
exception  of  one  sample  taken  in  the  centre  of  the  Barrow  Deep,  all 
the  samples  taken  in  the  estuary  were  bacterially  better  than  those 
taken  in  the  river  between  the  Chapman  Lighthouse  and  the  Nore 
Light-vessel.  Proceeding  downwards  from  the  Chapman,  the  samples 
became  constantly  bacterially  better  until  the  centre  of  the  Barrow  Deep 
was  reached.  The  channel  north  of  the  Barrow  Deep  (The  Swin) 
was  found  to  be  quite  clean,  and  was,  bacterially,  in  a very  good 
condition ; and  the  same  can  be  said  of  the  southern  channels, 
including  the  Black  Deep,  the  Oaze  Deep,  and  the  Prince’s  and 
Duke  of  Edinburgh  channels.  In  fact,  it  is  not  too  much  to  say 
that  the  area  in  the  immediate  neighbourhood  of  the  Barrow  Deep 
showed  no  bacterial  evidence  of  sludge.  Even  the  worst  sample  in  the 
Barrow  Deep  itself  can  only  be  considered  to  have  contained  a trace  of 
sludge  deposit  when  it  is  remembered  that  sludge  itself  contains  on  an 
average  125  millions  of  bacteria  per  gramme. 
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The  results  of  the  experiments  made  to  ascertain  the  extent  of  the 
diffusion  or  dispersal  of  the  sludge,  when  considered  in  conjunction 
with  the  results  of  the  examination  of  both  the  sea  water  and  the  sea 
bottom  in  and  around  the  Barrow  Deep,  show  that  the  present  method 
of  disposing  of  the  sludge  by  discharging  it  whilst  steaming  eight  or 
ten  miles  to  No.  1 buoy,  on  an  ebb  tide,  is  a very  satisfactory  one,  and 
cannot  give  rise  to  any  pollution  of  the  foreshores  of  Kent  or  of  Essex. 
If  pollution  of  the  foreshores  arises,  it  must  therefore  be  due  to  local 
causes  only,  since  it  has  now  been  shown  that  it  does  not  arise  from  the 
discharge  of  the  London  effluent  or  sludge. 

The  positions  at  which  these  samples  were  collected  and  the  results 
of  the  examination  of  the  samples  are  indicated  on  the  charts  which 
follow  Table  9.  The  charts  are  printed  so  that  vertical  lines  run  north 
and  south  ; the  direction  of  magnetic  north  and  south  therefore  makes 
an  angle  of  about  15°  to  the  west  with  the  vertical. 

The  above  results  do  not  appear  astonishing  when  it  is  remembered 
that  the  Barrow  Deep,  into  which  the  sludge  is  discharged,  consists  of 
a mass  of  water  10  miles  in  length  and  2 miles  in  breadth,  and  on  the 
average  60  feet  in  depth.  The  dilution  of  the  sludge  must  therefore 
be  immensely  great,  and  the  bacterial  results  show  that  by  the  time  the 
tide  begins  to  flow  towards  the  river  the  sludge  has  practically  dis- 
appeared from  the  water  of  the  estuary. 


221 


Table  9.  Examination  of  the  Water,  Mud  and  Sands  of  the  Thames  Estuary. 


Date  unil 
time  of  collection 
of  sample. 


September  1— 
9.36  a.m 

9.46  „ 
10.10 
11.0  „ 
11.20  „ 
11.30  „ 
0.5  pm 
0.15  „ 
0.30  „ 
September  2 — 


1.10  p.m. 
2’.30 


3.35 

September  3 — 
10.10  a.m 

10.25  „ 

10.50  „ 
11.5  „ 

11.25  „ 
11.36  „ 

0.10  p.m. 
0.50 
1.15 

1.45  . 
September  4 — 

11.15  a.m. 
11.45  „ 
0.40  p.m. 

3.30  ”, 

1.55  „ 
2.20  „ 

2.45  „ 
September  5— 

5.55  a.m. 
6.20  „ 

6.36  „ 

6.45  „ 

7.5  „ 


Locality  nn.l  bearings  of  point  at  which  sample  was  coUooted. 


At  Chapman  Light... 

In  mid-stream,  Chapman  and  E.  Blyth  Buoy  in  line  .. 

At  East  Blyth  Buoy 
At  Jenkin  Buoy  ... 

60  yards  S.  of  East  River  Middle  Buoy 
200  yards  S.  of  Southend  Pierhead  ... 

At  Mid  Shoebury  Buoy 

In  mid-stream,  Mid  Shoebury  Buoy  and  Nore  in  line  ... 

At  the  Nore  Light  ... 

Garrison  Point  and  Grain  Fort  in  line 

J mile  e!  of  Nore  Sand  By.  Nore  Lt.  and  Nore  Sand  By.  in  line 
Southend  Pierhead  N.N.E. ; ’chapman  N.W.  by  W.  4 W. 

At  Chapman  Light 
At  East  Blyth  Buoy 

Nitre  and  Mouse  Lts.  in  line,  Upper  Admiralty  & Cant.  Bys.  in  line 
Nore  & Mouse  Lts.  in  line.  Lower  Admiralty  & W.  Oaze  Bys.  in  line 
At  West  Oaze  Buoy  ...  ...  — ••• 

Mouse  I t . & W.  Ooze  By.  in  line,  E.  Oaze  just  open  N.  of  N - Oaze  By. 
At  North  Oaze  Buoy 
„ East  Oaze  Buoy... 

, Mouse  Light 
Blacktail  Spit  Buoy 
Lower  Admiralty  Buoy  ... 

South  Shoebury  Buoy 
In  the  Barrow  Deep — 

Between  N.  Knob  Buoy  and  No.  7 Buoy.  Average  of  3 dredgings 
No.  7 Buoy  and  No.  8 Buoy 

Average  of  2 dredgings... 
Average  of  2 dredgings.. 


E.of  E.lledsandBy.,Ginller  Lt.  S.E  4 S..Shivering  Sand  By.  E.by  S. 

West  of  Red  sand  By.,  Mouse  Lt.  N.N.W.,  East  Oaze  By.  N.E.  .1  K 

A mile  W.S.W.  of  Middle  Oaze  Buoy  .. 

Just  N.  of  E Spile  By.,  Mouse  Lt,  N.E.  by  N.,W.  Oaze  By.  N.  W \ X 

Just  N.  of  E.  Cant  By.,  Mouse  Lt.  E.  by  N.  4 N.,  Upper  Admiralty 
B.  N.  by  E. 

Just  N. of  (’ant  By., Nore  Lt.N.W.bv  W.  i W.,  S.Shoebury  By.N  N.E. 

Just  N.  of  Middle  Cant  By.,Nore  Lt.  N.  J W.,  Cant  Edge  By.W.by  S. 

Off  Cant  Edge  By.,  Nore  Lt.  & Gnrrison  Point  in  line,  Cant  Edge 
By.  E.  bv  S. 

OS'  W.  Cant  By.,  Grain  Edge  By.  and  Roman  Catholic  Church 
in  line,  Nore  Light  and  Garrison  Point  in  line 

Off  Sheernesp,  Martello  Tower  and  Garrison  Point  in  line,  Queen- 
borough  Pierhead  S.  by  W.  J W. 


4 ebb 
4 hrs.  ebb 
54  hrs.  ebb 
Last,  of  ebb 
Low  Water 


Tests  for  B.  Ooli  Communis  Group. 

number  of 
bncieria 

Dilution 

of 

sample 

of  organisms 
belonging 

Number 
of  organisms 
causing 
“enteritidis" 

Unif 

rm  turbidity  in 

) rimary  broth  culture 

Secondary 

Confirmatory. 

Change  in 

anaerobic  milk  culture. 

Oharaoter  of  sample. 

gelatine 

B.  Coli  group 

Litmus 

Gela- 

selected 

for 

counting. 

p‘er  cubic  centi- 

anaerobic 

milk, 

"shako* 

metre  of  the 
sample. 

metre  of  tbo 
sample. 

milk  culture. 

Crude. 

1 

10 

100 

1 

1,000 

10,000 

100,000 

Typical. 

Not 

typical. 

acidity. 

o=clot. 

Gas 

prv-ent 

(+)• 

aud«. 

fo 

mo 

1,000 

Dark  sand  and  shells — 

47,000 

1000 

1000 

100 

+ 

+ 

? 

1 <?b  0 

n.c. 

_ 

+ 

+ 

trace  of  mud 

17,000 

1000 

100 

+ 

+ 

— 

,io 

n.c. 

+ 

- 

- 

58,000 

1O00 

1000 

100 

+ 

+ 

+ 

TT^ilo 

42,000 

1000 

1000 

10 

+ 

+ 

i«nrn 

Dark  sand 

32,000 

1000 

1000 

10 

+ 

+ 

+ 

nr<r.T 

2,300 

100 

100 

10 

+ 

+ 

— 

T0T> 

15,000 

1000 

100 

10 

+ 

+ 

iinr 

TOOO 

Sand  and  mud  

24,000 

1000 

1000 

abs.  in  T’n  c.c. 

+ 

nioa 

47,000 

1000 

1000 

100 

+ 

+ 

+ 

Tt/tTh 

230 

10 

1 

abs.  in  1 c.c. 

4- 

+ 

— 

crude 

TO 

n.c. 

- 

— 

— 

Bottom  „ 

437 

864 

crude 

10 

1 

” ", 

+ 

+ 

+ 

z 

crude 

n.c. 

- 

i- 

198 

„ 

10 

n ii 

+ 

+ 

— 

jfo 

ax. 

117 

„ 

10 

, , ,. 

+ 

+ 

— 

1*5 

,lx. 

84 

,, 

10 

„ „ 

+ 

+ 

— 

TO 

a.c. 

189 

10 

n n 

+ 

+ 

— 

15 

a. 

213 

„ 

10 

„ „ 

+ 

+ 

— 

1*5 

,l.c. 

245 

10 

+ 

+ 

— 

TIT 

n.C. 

Bottom  „ 
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•1 

10 

.1  .1 

+ 

+ 

— 

1*5 

26,300 

100 

1,000 

10 

+ 

+ 

+ 

TTlW 

loJuo 

a.c. 

+ 

+ 

— 

— 

6,200 

100 

100 

abs.  in  T'0  c.c. 

+ 

— 

— 

nra 

ax. 

1,600 

100 

abs.  in.  tdtj  c.c 

•1 

— • 

— 

— 

TOO 

23,600 

100 

1,000 

10 

+ 

+ 

— 

TUfTTT 

Coarse  sand  and  shells  ... 

7,300 

100 

100 

abs.  in  ,5  c.c. 

+ 

— 

— 

nro 

,ix. 

Clean  coarse  sand 

1,800 

100 

abs.  in  , c.c. 

— ■ 

— 

— 

TOO 

, 

100 

100 

+ 

+ 

— 

TOOO 

a.c. 

7,900 

100 

100 

10  (.'  100) 

+ 

— 

— 

TOO 

7,500 

100 

100 

10 

+ 

— 

— 

TOO 

a. 

„ „ mud 

2,000 

100 

100 

abs.  in  -fo  c.c. 

+ 

— 

— 

t£o 

Saud,  clay  and  black  mud 

3,000 

l.ono 

abs.  in  jxptuc-c 

+ 

- 

— 

— 

Woo 

- 

1.000 

100 

100 

— 

— 

16,000 

1,000 

100 

— 

— 

— 

Woo 

a.c. 

16,000 

1,000 

1,000 

abs.  in  ^ c.c. 

+ 

— 

— 

to  on 

roJoo 

141,000 

1,000 

1,000 

+ 

+ 

— 

nroo 

a.c. 

28,000 

1,000 

1,001) 

••  ,1 

+ 

— 

— 

TODD 

a.C. 

abs.  in  ^c.c. 

1.000 

abs.  in  nfou  c.c 

1,  n 

— 

— 

— 

+ 

11  •• 

9,000 

1,000 

1,000 

n n 

+ 

— 

TOOO 

ITX. 

Clay  and  shells 

1,700 

7,000 

100 

1000 

100 

100 

10 

10 

+ 

+ 

+ 

+ 

+ 

+ 

rip 

TOO 

Woo 

a.c. 

+ 

+ 

+ 

+ 

- 

j I 

1,000 

100 

100 

10 

+ 

+ 

— 

fhr, 

nx. 

Stiff  clay 

Sand  and  mud 

400 

7,000 

100 

1000 

10 

100 

abs.  in  r'n  c.c. 
100 

+ 

+ 

+ 

? 

- 

1*5 

r»o 

tJo 

n.c. 

+ 

+ 

- 

13,000 

1000 

1000 

1(0 

+ 

? 

? 

TOOTT 

n.c. 

— 

+ 

+ 

- 

Broken  shells  and  coarse 

260 

10 

10 

abs.  in  -pr  c.c. 

+ 

— 

— 

Vb 

5,700 

100 

100 

+ 

+ 

— 

TOO 

Mud  and  clay  

6,000 

100 

1000 

10 

+ 

+ 

l 

n?ou 

n. 

- 

+ 

- 

_ 

» 

1.100 

100 

100 

100 

+ 

+ 

+ 

ik, 

loon 

n.c. 

P; 

+ 

+ 

Unto  anil  _ 
limn  of  collection 
of  sample. 


0.10  p.m. 
0.50 
1.10 

1.40 

2.40 


48 

49 


3.5 


3.45 
September  8 — 

7.20  a.m. 
7.35  „ 

7.66  „ 

8.25  „ 

8.45  „ 

9.20  „ 

9.55  „ 

10.25  „ 

11.10  „ 

September  9- 

9.0  n.n 

io’.o 

11.0 

Noon 

1.0  p.m. 

2.0  p.m. 

September  10 — 
6.40  a.m. 

7.30  „ 
8.25  „ 
9.20  „ 

September  1 1 — 

4.30  a.m. 


8.30 

9*30 


At  North  Knob  Buoy 

,,  Knob  Buoy  ...  •••  . ,,  _••• 

Knock  John  Buoy  (four  dredgings  yielded  no  result) 
Black  Deep  Light  Vessel... 

, North-East  Shingles  Buoy 

Edinburgh  Channel  Light  Vessel... 

Prince's  ..  » ••• 

South-East  Girdler  Buoy 
„ Girdler  Light  Vessel 

At  South-East  Maplin  Buoy 
„ West  Barrow  Buoy 
Maplin  Light  ... 

North-East  Barrow  Buoy 
Swin  Middle  Light  Vessel 
’ Whitaker  Spit  Buoy 
,,  Heaps  Buoy  ...  •••  •••  „ ■■■  , 

Heaps  Buoy,  and  West  Sunk  Buoy  in  line,  Gunflect  Light,  1 
At  West  Sunk  Buoy 

200  yards  south  of  Southend  Pierhead 


On  the  Mapliu  Sands— 

Mouse  Light  S.  .}  E.,  Blacktail  Spit  Buoy  S.W.  by  W. 
Mouse  Light  S.E.  by  E.  J E.,  East  Shoebury  Buoy  S.S.W 
Mouse  Light  E.  by  S.  i S..  Upper  Admiralty  Buoy  S.S.W. 
Nore  Light  S.W.  1 W.,  Upper  Admiralty  Outer  Beacon  E. 

Lower  end  of  Gravesend  Reach,  in  Higliam  Bight 


iS. 


High  water. 


it  of  ebb.. 


Sand  and  mud  ... 

Clay,  sand  and  shells 
Hal'd  bottom— no  sample 
Sand  and  clay  ... 
Coarse  clean  sand 
Sand  and  shells  ... 

Clean  sand 

Sand  and  a little  mud 


Sand  and  black  mud 

Sand  

Fine  sand 

Sand  and  mud  

Coarse  sand  and  clay  ... 
Fine  sand  and  clay 
Coarse  sand  and  shells  ... 
Clayey  sand  and  shells  ... 
Muddy  sand,  small  live 
mussels  and  worms 

Surface  water 
Bottom  „ ... 

Surface  „ 

Bottom  „ ...... 

Surface  „ 

Bottom  „ 

Surface  „ 

Bottom  „ 

Surface  

Bottom  „ 

Surface  ,. 

Bottom  ,, 


310 

1,050 

430 

1,660 

670 

530 

910 


3,100 

2,800 

2,350 


Dry  sand  . 


Surface 

Bottom 

Surface 

Bottom 

Surface 

Bottom 

Surface 

Bottom 

Surface 

Bottom 


abs.  in  A c.c. 


840 

3,730 
1,560 
2,710 
2,430 
3 420 
3,630 
3.890 
3,330 
4,660 
3,810 


abs.  in  A c-c> 


1000 

1000 

1000 

1000 

100O 

1000 


m 

abs.  in  1 c.c. 


+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


rrro 

A 

Crude 


A 

A 

A 

A 


A 


r,\o 


- 


THE  THAMES  ESTUARY. 

The  thick  line  represents  the  coast  line.  , 

The  thin  line  encloses  areas  which  are  left  uncovered  by  the  sea  at  average 

spring  low-water.  ..  , 

The  dotted  line  represents  the  20  ft.  contour  line  at  average  spring  low- 

Wftter-  , 


organism  per  gramme  of  * ample. 

Indicated  on  chart  by  0 

250  „ » 1 

600  ...  ...  ~n  ii  ii  _ 


Total  number  of  mi  or 
Not  exceeding  100 
Exceeding  100  but  not 
,i  250  „ 


somttD 


KNOCK 


-SHIttBNG  SAND 


/♦  A PRINCIS  CHAN. 


KENTISH  FLATS 


MARGATE 
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VII.  Comparison  ok  the  Effect  ok  Sea-water  and  ok  Fresii 
Water  upon  Bacterial  Life. 

Two  series  of  experiments  were  made  with  the  view  of  ascertaining 
whether  sea-water  had  any  effect  upon  bacterial  life  different  from  that 
of  ordinary  fresh  water.  In  the  first  series  1,000  cubic  centimetres  of 
sea-water  and  1,000  cubic  centimetres  of  distilled  water  were  sterilised, 
and  were  then  separately  inoculated  with  1 cubic  centimetre  of  clarified 
sewage.  The  number  of  bacteria  present  in  a cubic  centimetre  of  each 
of  the  two  waters  was  counted  immediately  after  inoculation,  and  the 
estimation  was  repeated  subsequently  at  stated  intervals.  For  the 
purpose  of  counting  one  cubic  centimetre  of  each  water  was  mixed  with 
10  cc.  of  gelatine  medium,  and  the  mixture  was  poured  into  a Petri- 
dish  and  incubated  at  65°  F.  The  results  are  entered  in  Table  10  — 


Table  10.  Comparison  of  the  effect  of  Sea-water  and  of  Fresh  Water 

upon  Bacterial  Life . 


Date. 

1903. 

Time  during  which  the 
water  had  been 
inoculated  when  the 
sample  was  taken. 

Time  during  which 
the  samples  were 
cultivated  in 
gelatine  medium. 

Number  of  bacteria  per  cubic 
centimetre 

in  the 

inoculated  sea 
water. 

in  the 

inoculated  dis- 
tilled water. 

Mar.  13... 

Immediately  

72  hours  

8,748 

7,100 

„ 10... 

3 days  

« 

281,000 

288,360 

„ 18... 

5 ,,  

45  „ 

531,400 

421,200 

„ 19... 

6 „ 

48  „ 

348,000 

113,000 

In  the  second  series  of  experiments  the  number  of  bacteria  present  in 
natural  or  uninoculated  sea-water  and  in  inoculated  sea-water  was 
estimated,  neither  of  the  samples  of  water  having  been  previously 
sterilised.  The  inoculated  sea-water  contained  one  cubic  centimetre  of 
clarified  sewage  per  750  cubic  centimetres  of  water.  The  number  of 
bacteria  was  counted  in  each  water  immediately  after  the  inoculation 
and  at  stated  intervals  afterwards.  The  method  of  counting  and  the 
temperature  of  incubation  were  the  same  in  both  series  of  experiments. 
The  results  are  entered  in  Table  11 — 


Table  11.  Bacterial  life  in  Sea-water. 


Date. 

1903. 

Time  during 
which  the  water  had 
been  standing. 

Time  during  which 
the  samples 
wore  cultivated  in  the 
gelatine  medium. 

Number  of  bact 
centirn 

in  the  nntural 
sea  water 
(not  inoculated). 

cria  per  cubic 
etre 

in  the 

inoculated  sea 
water. 

March  27 

Immediately 

96  hours  

1.115 

11,000 

„ 28 

1 day 

i'G  „ 

94,250 

238,000 

„ 30 

3 days  

96  „ 

230 

1 ,976,000 

April  1 ... 

5 „ 

48  „ 

109 

2,373,600 
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In  each  experiment  the  number  of  bacteria  in  the  inoculated  sea- 
water and  in  the  inoculated  distilled  water  increased  up  to  the  fifth  day 
after  inoculation,  and  in  the  case  of  one  of  the  sea-water  samples  and 
ot  the  distilled  water,  the  number  had  considerably  decreased  bv  the 
sixth  day.  The  two  other  sanples  were  not  counted  on  the  sixth  day. 

In  tbe  case  of  the  natural  or  uninoculated  sea-water,  the  number  of 
bacteria  increased  on  the  first  day,  but  subsequently  decreased  until  it 
was  reduced  on  the  third  day  to  a number  which  is  not  unusually  found 
m ordinary  drinking  water. 

The  results  of  these  experiments  appear  to  indicate  that  sea-water 
does  not  exert  any  marked  inhibitory  effect  upon  the  life  of  bacteria. 


\III.  Determination  of  Maximum  Solubility  of  Atmospheric 
Oxygen  in  Water  of  Different  Degrees  of  Salinity. 

In  connection  with  the  aeration  estimations  of  the  river  water  which 
are  referred  to  on  p.  212,  it  was  considered  advisable  to  determine  what 
effect  the  presence  of  sea  water  in  the  lower  river  and  estuary  had  on 
the  total  amount  of  oxygen  which  the  water  could  dissolve.  Accordingly 
a series  of  determinations  of  the  solubility  of  atmospheric  oxygen  was 
made,  and  the  results  are  given  in  the  following  table,  No.  12. 

In  the  first  column  of  this  table  the  character  of  the  water  is  stated. 
The  sea-water  which  was  used  was  collected  in  the  estuary  of  the  river 
Thames,,  and  the  percentage  mixtures  were  obtained  by  mixing  sea- 
water with  distilled  water  in  the  requisite  proportions.  The  dates  which 
appear  in  the  heading  of  the  table  refer  to  the  days  on  which  the  estima- 
tions were  made.  The  object  of  making  three  estimations  of  the  same 
water  on  successive  days  was  to  ascertain  whether  the  amount  of 
aeration  remained  constant,  since  it  was  anticipated  that  the  organic 
matter  present  in  the  original  sea-water  might  at  first  reduce  the 
possible  aeration,  but  that  the  dissolved  oxygen  would  eventually  destroy 
such  organic  matter,  and  that  a constant  degree  of  aeration  would 
ultimately  be  found.  This  appears  to  have  been  the  case,  since  the  total 
amount  of  atmospheric  oxygen  dissolved  by  distilled  water,  to  which 
salt  had  been  added  until  its  chlorine  was  equal  to  that  in  the  sea-water 
sample,  was  found  to  be  practically  equal  to  the  amount  found  in  sea- 
water sixteen  days  after  its  collection. 
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Table  12.  Solubility  of  Atmospheric  Oxygen  in  Saline  Water. 

The  following  results  were  obtained  by  the  estimations  of  the 
amounts  of  dissolved  atmospheric  oxygen  in  samples  ol  water  containing 
known  proportions  of  chlorine  as  sodium  chloride.  The  results  are 
stated  as  percentages  of  the  amount  dissolved  by  an  equal  volume  ot 
distilled  water  under  similar  conditions — 


Character  of  water. 

22-23  December, 
1903.  Tempera- 
ture of  water, 

16°  C. 

1-2  January,  1904. 
Temperature  of 
water, 

13-8°  C. 

6-7  January,  1904. 
Temperature  of 
water. 

14-8®  C. 

Dissolved 

oxygen. 

Per- 

centage, 

Chlorine. 

Parts 

per 

100,000. 

Dissolved 

oxygen. 

Per- 

centage. 

Chlorine, 

Parts 

per 

100,000. 

Dissolved 

oxygen. 

Per- 

centage. 

Chlorine. 

Parts 

per 

100,000. 

Distilled  water  

100-0 

0 

100-0 

0 

100  0 

0 

„ with  10  °/0  of  sea  water 

96-4 

205 

— 

— 

— 

— 

„ 20  „ „ 

94-0 

395 

93-4 

402 

95-9 

394 

30  „ 

92-5 

590 

— 

— 

— 

— 

10  „ 

90-3 

780 

91-3 

781 

91-2 

772 

,,  oO 

87-0 

982 

— 

— 

— 

— 

„ 60  ..  „ 

83-6 

1,163 

86-8 

1,169 

88-1 

1,161 

70 

82-4 

1,365 

— 

— 

— 

— 

•?  }J 

80-7 

1,555 

83-7 

1,560 

81-7 

1,555 

„ 90  ..  „ 

79-0 

1,735 

— 

— 

— 

— 

Sea  water  

78-1 

1,950 

81T 

1,950 

82-2 

1,950 

14  January,  1904. 

Distilled  water 

100-0 

0 

„ with  added  sodium  chloride.. 

... 

... 

... 

82-9 

1,930 

] NDEX. 
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Abnormal  nitrification  by  beds 

Absence  of  danger  from  London  effluent  at  or  below  Southend  ... 

Absence  of  selective  bacterial  action  in  beds  ... 

Absorption  of  water  by  new  coke 

Accrington  bacterial  treatment  ...  154,  loo,  168,  169,  194,  197, 

Acre  coke-bed.  See  also  bacteria-beds 
Active  poisonous  albuminoids.  Effect  of  heat  upon 
Acton  bacterial  treatment  ...  ...  ...  154,  155,  168,  169,  194, 

Advantages  of  bacterial  treatment 
Aeration  of  bed  effluents.  Estimation  of 
Aeration  of  river  water.  Effect  of  salt  upon  ... 

Aeration  of  river  water.  Results  of  examination 
Aeration  of  river  water.  Sampling  points 
Aeration  of  settled  sewage.  Method  for  effecting 
Air  in  interior  of  beds.  Composition  of 
Albuminoids  (poisonous,  active).  Effect  of  heat  upon  .. 

Aldershot  bacterial  treatment  ...  ...  154, 

Alteration  of  treatment  suggested  by  experiments 
Alteration  to  feed-pipe  of  bed  at  Southern  Outfall 
Ammonia  (free).  Estimations  of 
Analytical  results.  Tables  of 
Analytical  tables.  Explanation  of 

Andrewes,  Dr.  • ...  ...  ...  •••  ••• 

Animals.  Inoculation  experiments  with  68,  73,  74,  81,  86,  93,  97,  99, 

100,  101,  104,  106-109,  111-115,  117-121,  128,  138,  145,  146 

Appendix 

Arrangement  of  the  buoys  in  Barrow  Deep  ... 

Atmospheric  oxygen.  Solubility  in  saline  water 
Averages  of  results  of  analysis  of  sewage  ancj  effluents  ^ 


12 
212 
88 
23 
200 

i,  2, '5-10,  207,  209 
119 
200 
212 
12 
224 
212 
212 
17,  63 
17,  28 
...  119 

155,  168,  169,  194,  200 
...  62,  63,  64 


144,  146,  147, 


16, 


32 

61 

4,  10,  26,  36-57,  131 

...  34,  35,  58,  59 

67 


20o — 225 
213 
224 
50-57 

154,  155,  168,  169,  194,  197,  200 


Aylesbury  bacterial  treatment 
Bacillus.  See  “ Bacteria.” 

Bactekia. 

“ Acid-fast  ” in  deposit  upon  coke  ...  ...  116,  117,  118, 

“Acid-fast”  in  sewage  and  effluents  ...  ...  116,  117,  118, 

“Acid-fast.”  Method  of  staining 
“ Acid-fast.”  Other  forms  than  tubercle 
Aerobes  (spores).  Action  of  beds  on  number  of^ 

Aerobes  (spores)  in  sewage  and  effluents  77,  78,  79,  81,  82,  87, 

88,  98,  101,  102,  103,  209 

Aerobes  (spores)  in  sludge 

Aerobes  (spores)  in  Thames  water  ...  ...  •••  ••• 

Aerobes  (spores).  Method  of  examination  for  ...  ...  ...72, 

Aerobes  (spores).  One  of  the  chief  tests  of  the  inquiry  ...  ...  68, 

Aerobes  (spores)  to  enteritidis  sporogenes  in  sewage  and  effluents. 

Ratio 

Aerobes  (spores)  to  liquefactive  in  sewage  effluents.  Ratio  ...81,  82 

Aerobes  (spores)  to  total  number  of  bacteria  in  sewage  and  effluents 


146 
146 
115,  116 
146 
78,  144 


210 

99 

74 

69 

87 


Ratio 

Aerobes.  Suggested  inoculation  of  bed  with 
Anaerobes  (spores)  in  sewage  ami  effluents 
Anaerobes.  Suggested  inoculation  of  bed  with 
Aquatilis  sulcatus  in  Thames  water 
Arboreseens  in  deposit  upon  coke 
“ Blood  heat.”  Action  of  beds  on  number  of 
“Blood  heat”  in  sewage  and  effluents 
“ Blood  "heat  ” in  sludge 
“Blood  heat.”  Number  in  pure  water  ... 


77,  78,  79,  81,  82 
...  127 

88,  89,  90 
...  127 

99 

...  115 

93 

209 

210 
93 


90,  92,  93,  94, 


Q 
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Bacteria — continued. 

“ Blood  heat  ” to  total  number  of  bacteria  in  sewage  and  effluents 
Ratio 

Capillareus  and  mesentericus.  Similarity 
Capillarous  and  mycoides.  Similarity  ... 

Capillareus  and  subtilis.  Similarity 
Capillareus.  Description  and  cultivation 
Cholera  vibrio  (Koch’s).  Vitality  in  sewage 
Cocci  in  sewage... 

A non-liquefactive  organism 
Action  on  beds  on  number  of 
Agglutination  test  for 
An  intestinal  organism  ... 

Coli  and  subtil issimus.  Similarity 
Coli.  Animals  inoculated  with 
Coli.  Characteristics  of 
Coli.  Description  and  cultivation 
Coli  in  deposit  upon  coke 
Coli  in  estuary  water 
Coli  in  North  Sea  water 
Coli  in  sewage  and  effluents 


PACK 


...  92,  03 
...  143 


Coli. 

Coli. 

Coli. 

Coli. 


142, 

121,  122,  123, 


83,  88,  91,  96, 


143 
143 

143 
126 
117 

61 

144 
133 

93, 145 

139 

119,  146 

145 

100,  132,  133,  134,  215 

115 

...  215,  221,  222 
...  216 


77,  82,  83,  84,  87,  88,  91,  93,  94,  96,  98, 

101,  102.  103,  132,  145,  209 
...99, 100 


Ratio  in  sewage 


73,  74,  218 
93 

68,  69,  70 
and 

87 

77,  84,  94 
...  146 

86 


Coli  in  Thames  water 
Coli.  Method  of  examination  for 
Coli.  Objectionable  character  of 
Coli.  One  of  the  chief  tests  of  the  inquiry 
Coli  to  enteritidis  sporogenes  (spores), 
effluents 

Coli  to  total  number.  Ratio  in  sewage  and  effluents 
Coli.  Virulent  nature  of 
Diplococcus  pneumoniae  in  human  saliva 
Enteritidis  sporogenes  (spores).  Action  of  beds  on  number  of 

85,  88,  91,  92,  95,  96,  97, 

Enteritidis  sporogenes  (spores).  Action  in  sterile  milk  ... 

Enteritidis  sporogenes.  Animals  inoculated 

73,  86,  99,  100,  101,  119, 

Enteritidis  sporogenes.  Characteristics  ... 

Enteritidis  sporogenes  in  deposit  upon  coke 
Enteritidis  sporogenes  (spores)  in  estuary  water  ... 

Enteritidis  sporogenes  in  sewage  and  effluents 

77,  84,  85,  87  , 88,  91,  92,  94,  96,  98,  101,  102,  103,  144,  145, 

Enteritidis  sporogenes  in  soils  ... 

Enteritidis  sporogenes  in  Thames  water  ...  ••• 

Method  of  examination  for  72,  73, 

One  of  the  chief  tests  of  the  inquiry 
Relation  to  diarrhoea 


145, 

115, 

221, 


144 
86 

146 

145 

146 
222 


(spores)  to  aerobes  (spores)  in  sewage  and 


and 


Dissimilarity 


Enteritidis  sporogenes 
Enteritidis  sporogenes. 

Enteritidis  sporogenes 
Enteritidis  sporogenes 
effluents.  Ratio 

Enteritidis  sporogenes  to  Coli.  Ratio  of  m sewage 
Enteritidis  sporogenes  to  total  number  of  bacteria, 
sewage  and  effluents 

Enteritidis  sporogenes.  Virulent  nature 
Fluorescens  liquefaciens  and  pyocyaneus. 

Fluorescens  liquefaciens  in  sewage 
Fluorescens  liquefaciens  in  Thames  water 
Fluorescens  non-liquefaciens  in  Thames  water 
Frondosus.  Description  and  cultivation  ... 

Eusiformis.  Description  and  cultivation 
Gas  forming  or  intestinal  in  estuary  water 
Gas  forming  or  intestinal  in  river  water  ... 

Gas  forming  or  intestinal  in  sewage  and  effluents 
Leprosy.  An  acid-fast  bacillus  ...  ••• 

Liquefactive.  Action  of  beds  on  number 
Liquefactive.  Description  and  cultivation 
Liquefactive  in  sewage  and  effluents  7/,  80.  81,  82 
Liquefactive  in  Thames  water  ... 


209 
86 
...99.  100 
74,  86,  218 
68,  69,  70 
...86. 145 


effluents ... 
Ratio  in 
77,  87, 


87 

87 


88.  97 


94 
..86,  146 
97 


101.  102, 


138, 

213, 


103 

99 

99 

138 

139 
215 


211,  212 

...  209 

...  116 
80.  81,  82.  144 
141.  142 
8.  101,  102.  103 
99 
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Bacteria — continued. 

Liquef active.  Method  of  examination  ...  ...  ...  ...72,  74 

Liquefactive.  One  of  the  chief  tests  of  the  inquiry  ...  ...  68,  69 

Liquefactive  to  spores  of  aerobes.  Ilatio  in  sewage  and  effluents...  81,  22 
Liquefactive  to  total  number  of  bacteria.  Ratio  in  sewage  and 

effluents  ...  ...  ...  ...  ...  77,  81,  82 

Liodermos  and  mesentericus,  sewage  variety  I.  Similarity  ...  136 

Malignant  oedema  group.  Animals  inoculated  ...  ...  ...  119 

Megaterium  (spores)  in  sewage  ...  ...  ...  ...  ...  103 

Membranous  patulus.  Description  and  cultivation  ...  141,  142 

Mesentericus  and  capillareus.  Similarity  ...  ...  ...  143 

Mesentericus.  Description  and  cultivation  ...  ...  134,  135,  136 

Mesentericus.  Harmless  character  ...  ...  ...  ...  93 

Mesentericus  in  Thames  water  ...  ...  ...  ...  ...  99 

Mesentericus  spores  in  sewage  ...  ...  ...  ...  ...  103 

Mesentericus  fuscus  and  sewage  variety  I.  Similarity  ...  ...  136 

Mesentericus  ruber  and  sewage  variety  E.  Similarity  ...  ...  136 

Mesentericus  sewage  variety  E and  ruber.  Similarity  ...  ...  136 

Mesentericus  sewage  variety  E.  Description  and  cultivation  134,  135,  136 
Mesentericus  sewage  variety  I and  liodermos.  Similarity  ...  ...  136 

Mesentericus  sewage  variety  I and  fuscus.  Similarity  ...  ...  136 

Mesentericus  sewage  variety  I and  vulgatus.  Similarity  ...  ...  136 

Mesentericus  sewage  variety  I.  Description  and  cultivation  134,  135,  136 

Mesentericus  vulgatus  and  sewage  variety  I.  Similarity  ...  ...  136 

Mycoides  and  capillareus.  Similarity  ...  ...  ...  ...  143 

Mycoides.  Harmless  character  ...  ...  ...  ...  ...  93 

Mycoides  in  Thames  water  ...  ...  ...  ...  ...  99 

Mycoides.  Spores  in  sewage  ...  ...  ...  ...  102,  103 

Nitrifying  bacteria  in  beds  ...  ...  ...  ...  ...  88 

Nitrifying  bacteria.  Not  cultivated  in  ordinary  media  ...  ...  145 

Nitrifying  bacteria.  Suggested  inoculation  of  bed  ...  ...  127 

Prodigiosus.  Colour  of  colonies  ...  ...  ...  ...  115,  123,  124 

Prodigiosus  in  deposit  upon  coke  ...  ...  ...  ...  115 

Prodigiosus.  Vitality  in  sewage  ...  ...  ...  123-126 

Proteus.  Animals  inoculated  ...  ...  ...  ...  ...  119 

Proteus  mirabilis  and  sewage  proteus.  Dissimilarity  ...  ...  137 

Proteus  mirabilis  in  deposit  upon  coke  ...  ...  ...  ...  115 

Proteus.  Objectionable  character  ...  ...  ...  ...  93 

Proteus  like  germs  in  deposit  upon  coke  ...  ...  ...  115 

Proteus  like  germs  in  sewage  and  effluents  ...  101,  102,  103,  145 

Proteus  like  germs.  Proportion  in  liquids  ...  ...  ...  77 

Proteus  (sewage)  and  mirabilis.  Dissimilarity  ...  ...  ...  137 

Proteus  (sewage)  and  vulgaris.  Dissimilarity  ...  ...  ...  137 

Proteus  (sewage)  and  urime.  Dissimilarity  ...  ...  ...  137 

Proteus  (sewage)  and  Zenkeri.  Dissimilarity  ...  .;.  ...  137 

Proteus  (sewage).  Animals  inoculated  ...  81,  97,  128,  138,  145,  146 

Proteus  (sewage).  Description  and  cultivation  ...  136,  137,  138 

Proteus  (sewage)  in  sewage  and  effluents  ...  ...77,  81,  97,  145 

Proteus  (sewage).  Inoculation  of  bed  with  non-virulent  strain  97,  128,  129 
Proteus  (sewage).  Variable  pathogenicity  ...  ...  ...  97 

Proteus  (sewage).  Virulent  nature  ...  ...  ...  ...  145 

Proteus  urime  and  sewage  proteus.  Dissimilarity  ...  ...  137 

Proteus.  Virulent  nature  ...  ...  ...  ...  ...  146 

Proteus  vulgaris  and  sewage  proteus.  Dissimilarity  ...  ...  137 

Proteus  vulgaris  in  sewage  ...  ...  ...  ...  ...  81 

Proteus  zenkeri  and  sewage  proteus.  Dissimilarity  ...  ...  137 

Proteus  zenkeri  in  Thames  water  ...  ...  ...  ...  99 

Pyocyaneus  and  fluorescens  liquefaciens.  Dissimilarity  ...  ...  97 

Pyocyaneus.  Animals  inoculated  ...  ...  ...  ...93,  97 

Pyocyaneus  in  effluents  ...  ...  ...  ...  ...97,  145 

Pyocyaneus.  Pathogenic  nature  ...  ...  ...  ...  93 

Pyocyaneus.  Relation  to  diarrhoea  ...  ...  ...  ...93,  145 

Saprophytic  in  sewage  ...  ...  ...  ...  ...  ...  126 

Saprophytic.  Suggested  inoculation  of  bed  with  ...  ...  ...  127 

Spores  to  total  number  of  bacteria  in  soils.  Ratio  ...  ...  79 

Staphylococcus  and  streptococcus.  Similarity  ...  ,..  ...  113 
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Bacteria — continued. 

Staphylococcus.  Hardy  germs  ... 

Staphylococcus  pyogenes  aureus.  Colour  of  colonies 
Staphylococcus  pyogenes  aureus  in  sewage 
Staphylococcus  pyogenes  aureus.  Vitality 
Streptococcus.  Action  of  beds  on  number  of 
Streptococcus.  An  intestinal  organism  ... 
Streptococcus  and  brevis.  Similarity  ... 
Streptococcus  and  longus.  Similarity  ... 
Streptococcus  and  pyogenes.  Similarity 
Streptococcus  and  staphylococcus.  Similarity 
Streptococcus.  Animals  inoculated 
Streptococcus.  Description  and  cultivation 
Streptococcus  in  sewage  and  effluents  ... 
Streptococcus.  Method  of  examination 
Streptococcus.  One  of  the  chief  tests  of  the  inquiry 
Streptococcus.  Pathogenicity 


...  104 

...  125 

113,  125,  126 
125,  126 
113 
104 
113 
113 
113 
113 

..  104,  106-109,  111-114 

104,  106-114 

73,  97,  104-114,  117,  141 
...73,  74 
68,  09,  70 
104 


Streptococcus. 

Streptococcus. 

Streptococcus. 


Streptococcus.  Belative  absence  from  virgin  soil  and  pure  water 

104,  105,  106 

Source  of 

Test  recommended  for  waters 
Vitality  ...  , ••• 

Subtilis  and  capillareus.  Similarity  ... 

Subtilis  and  subtilissimus.  Dissimilarity 
Subtilis.  Description  and  cultivation  ... 

Subtilis.  Harmless  character 
Subtilis.  Spores  in  sewage  ... 

Subtilissimus  and  Coli.  Similarity 
Subtilissimus  and  subtilis.  Dissimilarity 
Subtilissimus.  Description  and  cultivation 
Tetanus.  Animals  inoculated  ... 

Tetanus  in  deposit  upon  coke 
Tetanus  in  soils.  Edinburgh  Medical  Journal 
Thermophilus  in  sewage  and  effluents  ... 

Thermophilus  in  soils  and  waters 
Thermophilus.  Source  of 
Thermophilus.  Test  of  potability  of  water 
Tubercle.  An  “acid-fast”  bacillus 
Tubercle.  Animals  inoculated 
Tubercle  in  deposit  upon  coke  ... 

Tubercle  (pseudo)  in  sewage  and  effluents 
Tubercle.  Specific  staining  ...  ••• 

Tubercle.  True  results  absent  from  inoculation  wit 
sewage  and  deposit  upon  beds 
Typhoid.  Action  of  beds  on 
Typhoid.  Weight  of 
Zoogloea-like  masses  in  sewage  ... 

Bacteria-bed  effluents.  See  “ Effluents. 

Bacteria-beps.  j » g_io  OQ-  200 

A?S  of°ke’bed...  ’•••  - 3>  10-  13’  22>  24 

BaC  Action  oh/beds  on  xi.,  5,  7o-78,  80-85,  88.  90-93.  95.  96.  97, 

Action  ol  ocas  on  , » 113|  126,  144,  14-5,  207,  209 

Class  beneficial  to  bed’s  action  ...  ...  •••  ••• 

Growth  affects  capacity  of  bed  ...  •••  •••  * ’ * 

Passage  of  pathogenic  germs  through  beds  - 

Saprophytic  versus  pathogenic 
Vitality  of  pathogenic  in  beds 
Washed  away  from  bed 
Burnt  ballast  beds  ...  *•• 

Capacity  of  beds  ...  ...x.. 

Capacity  of  beds  at  various  centres 
Capacity  of  beds  maintained 
“ Chemical  ” effluent  treated 
Choking  of  beds 


105,  113 
...  106 
...  105 

...  143 

...  140 

140,  141 
93 

102,  103 
...  139 

...  140 

139,  140 
115,  146 
...  115 

...  115 

...97,  98 
98 
97 

...97,  98 
...  146 

118,  119,  146 
116,  117,  118 
...  119 

115,  116 
London 

118,  119 
...  145 

...  115 

...  117 


126 
...  105 

30 

* * * * * * 2—5 

11, "l4,  21,  23,  24,  27,  29,  31,^34 

x.,  21,  29.  34,  144 
1,  3-10,  62 
...x.  14 
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Bactema-beDS — continued. 

Choking  of  beds  obviated  ...  ...  ...  ...  x.,  34,  147 

Coke-breeze  beds  ...  ...  ...  ...  ...  •••  2-5 

Comparison  of  results  of  experiments  ...  ...  ...  13,  58,  59 

Construction  ...  ...  ...  1,  2,  3,  4,  10,  13,  17,  18,  21,  23-27,  30 

Continuous  beds  ...  ...  ...  ...  22,  23,  29,  30,  31 

Deposit  upon  coke.  Animals  inoculated  ...  ...  115,  117,  118 

Deposit  upon  coke.  Bacterial,  etc.  ...  ...  x.,  21,  114-118,  146 

Deposit  upon  coke  washed  away  ...  ...  ...  ...  30 

Depth  of  beds  ...  ...  ...  ...  ...  1,  3,  8,  13,  26,  30 

Description  of  the  beds  ...  ...  ...  1,  2,  21,  22,  23,  71 

Double  contact-beds  ...  ...  ...  ...  ...2,  10-17,  22-26 

Drainage  period  ...  ...  ...  ...  ...  ...  9,  12 

Early  experiments  in  beds  ...  ...  ...  ....  x.,  1,  3,  4,  5 

Effluents  better  than  “chemical”  effluent  ...  ...  ...  147 

Experiments.  Lists  of  ...  ...  ...  ...  2,  5,  6,  23 

Experiments.  Reason  for  ...  ...  ...  ...  ...  3 

Feeding  arrangements  ...  1,  7,  10,  14,  17,  21-24,  27,  29,  30 

Fillings  per  day  ...  7,  9,  11,  12,  18,  24,  27,  28,  29,  31,  32,  36-57 


1-5,  8,  10,  13,  1 


Gravel  and  sand  bed  ... 

Inoculation  with  non-virulent  sewage  proteus 
Inoculation  with  various  germs  suggested 

Interior.  Air  composition  

Interior.  Inspection 
Interior.  Temperature 
Iron  tanks.  Beds  in  ... 

Kentish  ragstone  beds  ... 

Laboratory  bed 
Material.  Consolidation  of 
Material.  Kind  and  size 
Material.  Selection  expei-iments 
Material  suitable  for  beds 
Maturing 

Mechanical  distributors  used 
Names 

Natural  process  of  selection  in  ... 

Nitrification.  Abnormal 
Nitrification  effected 
One-acre  coke-bed 

deepened 

Action  of  consolidated  portion 
Bacteria  in  effluent  from 
Consolidation  of  lower  portion 
Exact  area... 

Method  of  collecting  bacterial 
Particulars  of  bacteria-beds  at  various  centres 
Pea  ballast-bed 

Plan  of  beds  at  Southern  Outfall 
Primary  beds  ... 

Proprietary  material  bed 
Purification  decreased 

Purification  effected  4,  7,  9,  10,  20, 

Ragstone-beds 

Ragstone-beds.  Reason  for  using  and  results 


8, 

23, 


One-acre  coke-bed 
One-acre  coke-bed. 
One-acre  coke-bed. 
One-acre  coke-bed. 
One-acre  coke-bed. 
One-acre  coke-bed. 


10, 

, 2, 


samples 


3-5 

97,  128,  129 
...  127 

16,  17,  28 
25 
16 

2,  10-21 
2,  10-13 
24,  84,  85 
9,  14,  207 
24,  30,  34 
2,  4,  5 
34 

6,  24,  27,  126 
29 

2,  22,  24,  71 
...88,  127 
12 

15,  36-57,  131 
5-10,  207,  209 
...  1,  8 
207,  209 
207,  209 
8,  9,  14 
1 

209 


21, 


Rest  periods 
Sand-bed  ••• 

Settled-sewage  beds 
Sewage.  Quality  supplied  to  beds 
Sewage.  Quantity  dealt  with 
Sickening  of  beds 
Single  contact  beds 
Size  of 

Size  of  material 
Small  tank-bed 
Solids  removed  by  beds 
Ten-foot  beds  ... 


54-167 
2-5 
22 

2,  10— 17^  22-26 
2-5 
29 

29,  51,  53,  55,  57,  143 
2.  10-13 
10,  130 

..  4,  5,  6,  8,  18,  19,  24,  28,  31 

2-5 

...2,  17-23,  26-33 
8,  12,  13.  14,  18,  25,  207 
4,  8,  9,  11,  24,  25,  28,  63 
7,  24,  126 

1-9,  17-33 

1,  2,  3,  5,  10,  13,  22,  24 
1,  3,  5,  8,  10,  13,  18,  23,  24,  30 

...23,  25) 

4,  25,  144 

2,  13-21 
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JBacteiua-iseiis — continued. 

Thirteen-foot  beds  ...  ...  ...  ...  ...  22,  23,  26-30 

Underdraining  of  beds  ...  ...  ...  ...  ...  1,  18,  21,  30 

Wooden  tank-beds  ...  ...  ...  ...  ...  ...  2-6 

Working  of  bacteria-beds  at  various  centres.  Particulars  of  166-185 
Working.  Method  of  ...  ...  11,  13,  14,  17,  18,  21,  24,  27,  30 

Working.  Rate  of  ...  ...  ...  ...  ...  4,  6,  7,  63 
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